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Variances, heritabilities, genetic and phenotypic correlations, 
and predicted gains were computed for quantitative disease resistance 
and agronomic traits from pooled S1 family data of Gene Pool 11 and ND 
761 Helianthus annuus L. populations. Broad-sense heritability estimates 
for all traits were significant in both populations. Observed genotypic 
correlation coefficients were larger than their corresponding estimates of 
phenotypic correlation coefficients. Significant positive genetic 
correlations between resistance to Alternaria blight and Septoria leaf 
spot; and non-significant genetic correlations between Sclerotinia wilt 
disease reaction and agronomic traits were observed in both 
populations . Resistance to Phoma black stem was not significantly 
correlated with resistance to other diseases or yield. 
Genetic correlations of yield/ ha with reaction to Alternaria 
blight and Septoria leaf. spot diseases in Gene Pool 11 were negative and 
significant. There were significant positive genotypic correlations 
between yield/ ha and other agronomic traits except days to flower . 
The genetic correlation between Septoria leaf spot and Sclerotinia wilt 
disease reactions was positive and significant in ND 761. However , 
resistance to four diseases in ND 761 was inherited independently of 
yield/ha. Yield/ha was positively significantly genetically correlated 
with head diameter, head weight , seeds per head and oil yield in ND 
761. 
V 
The Smith-Hazel index in both populations was efficient in 
improving predicted gains of resistance to all four diseases (Alterna ria 
leaf blight, Septoria leaf spot, Phoma and Sclerotinia wi It) when 
selection was focused on Alternaria blight and Scleroti nia wi It resistance 
simultaneously. This selection index was also effective for both 
populations in improving gain for agronomic traits ( head weight, 
200-seed weight, oil content and yield/ha) when selection was for oil 
percent and yield/ha simultaneously. Smith-Hazel and desired gain 
indices with simultaneous selection of Alternaria blight and Sclerotinia 
wilt resistance, oil percent and yield/ha are suggested for the 
improvement of multiple disease resistance and agronomic traits in Gene 
Pool 11 and ND 761, respectively. The restricted selection index and 
desired gain index were most efficient in controlling gains for restricted 
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Recurrent selection is a breeding procedure designed to 
increase the frequency of superior genotypes in a population. This 
method shifts the mean of a population for one or more traits in a 
desired direction. Therefore progress in 
depends upon obtaining genetic diversity 
selection. 
plant breeding primarily 
and the effectiveness of 
Reliable estimates of genetic and phenotypic variances, 
covariances, heritabilities and correlations are necessary to make a 
recurrent selection program an efficient method for improvement of plant 
populations. Furthermore, selection indices are considered an aid to 
the breeder for simultaneous selection for multiple traits in a recurrent 
selection program. This tool has been applied successfully to a few 
plant breeding problems. The ability to improve important traits such 
as disease resistance and yield in sunflower would be valuable in 
developing improved cultivars. The objective of this study was to 
evaluate S1 family selection in Gene Pool II and ND 761 populations. 
This information will be helpful for. the initiation of a recurrent 
selection program for agronomic traits with multiple disease resistance in 






I. HERITABILITY ESTIMATES, GENETIC AND PHENOTYPIC 
CORRELATIONS 
ABSTRACT 
Pooled estimates of heritability, genotypic and phenotypic 
variance, covariance and correlation of reactions to four diseases and 
agronomic traits were obtained among 162 and 104 Sl families of Gene 
Pool 11 and ND 761, respectively in 1982; and 150 Sl families from each 
population in 1983. Genetic variances in Gene Pool 11 were 
comparatively higher than in ND 761 for all traits e xcept Sclerotinia wilt 
resistance and days to flower. Broad-sense heritability estimates for all 
traits were significant in both 
coefficients were larger than 
phenotypic correlation coefficients. 
populations. Genotypic correlation 
their corresponding estimates of 
Both populations had significant 
positive genetic correlations between resistance to Alternaria leaf blight 
and Septoria leaf spot. However, non-significant genetic correlations 
were observed between Sclerotinia wilt resistance and agronomic traits. 
Genetic correlations of oil content with reactions to four diseases in 
both populations were 
Phoma black stem was 
other diseases or yield. 
negative but non-significant. Resistance to 
not significantly correlated with resistance to 
Genetic correlations of yield/ha with reactions to Alternaria 
leaf blight and Septoria leaf spot disease in Gene Pool 11 were negative 
_ __ ,._.n------------------1111111111111 
a 
3 
and significant, indicating that low disease score is associated with high 
yield. There were significant positive genotypic correlations between 
yield/ha and other agronomic traits except days to flower. Head weight 
had a positive and significant genetic correlation with all agronomic 
traits in Gene Pool 1 1. 
The genetic correlation between Septoria leaf spot and 
Sclerotinia wilt disease reaction was positive and significant in ND 761. 
None of the genetic correlation coefficients of yield/ha with reactions to 
the four diseases were significantly different from zero. Therefore, 
resistance to four diseases in ND 761 is inherited independently of 
yield. However, yield/ha was positively significantly genetically 





Sunflower breeders are continually looking for new breeding 
systems to improve the efficiency of selection for agronomic traits. The 
prerequisite for any such breeding system is information on the nature 
and magnitude of genetic variation present in existing germplasm. A 
plant breeder is concerned with selecting superior genotypes on the 
basis of phenotypic expressions. The choice of a population to work 
with and of a breeding system to be practiced in the initiation of crop 
improvement depends primarily on the mean performance of the 
population, and the magnitudes of the different kinds of genetic 
variation in the population. Therefore reliable estimates of the genetic 
and phenotypic variances for various traits a re essential for predicting 
the success of the breeding system. 
Seed yield is a trait of primary importance and of complex 
inheritance that involves several individual traits. Hence estimates of 
genotypic and phenotypic correlations among traits are required to 
maximize gain for all traits. The genetic relationship of disease 
resistance with agronomic traits is not well documented in sunflower 
(Helianthus annuus L.). Such information would be useful in designing 
selection procedures to improve both traits, since disease resistance is 
an insurance against yield losses in years when conditions favor disease 
development. Genetic correlation between two or more traits originates 
from pleiotropic effects or linkage of genes affecting each trait. 
5 
Therefore, knowledge of genetic correlations among traits is helpful 
when selection is concerned with changing two or more traits 
simultaneously. 
The objectives of this study were: 1) to obtain estimates of 
genetic and phenotypic variances and covariances for agronomic and 
disease resistance traits in the two sunflower populations Gene Pool 11 
and ND 761; 2) to calculate heritabilities and predicted gains from S1 
family selection for these traits; and 3) to investigate the degree of 
genetic and phenotypic correlations between agronomic traits and 
quantitative resistance to four diseases. 
a 
6 
L I TE RATU R E  REV I EW 
Importance of the Diseases 
It is estimated that diseases cause an average annual loss of 
12 percent in yield of sunflower in the world (69) . The relative 
importance of sunflower diseases varies annually with variable factors 
like environment and cultivars grown. Common sunflower diseases in 
the Minnesota-Dakotas region of the US are downy mildew, rust, 
Verticillium wilt, Sclerotinia stalk rot, Alternaria leaf blight, Septoria 
leaf spot, and Phoma black stem. Only the four later diseases will be 
discus sed since they were a subject of this study. 
Sclerotinia wilt (caused by Sc lerot inia s c lerotiorum ( Lib.) de 
Bary) is a predominant disease of sunflower. I n  the United States most 
damage is caused by root and basal stem attack (26) . The wilt 
symptoms are initiated by root infection which progresses upward into 
the stem. Infected plants may set seed, but their yield is reduced. 
Most frequently, infected plants lodge before maturity. Wilting may 
occur at any stage of plant development and the most prevalent period 
is from late budding to maturity (49) . This disease had the highest 
severity of any disease in surveyed fie lds in the Dakotas and 
Minnesota (20) . The disease incidence increased from 32 percent in 
1979 to 48 percent in 1984 of surveyed fie lds (20, 21) . Fields with the 




within the Red River valley (20). The amount of yield reduction due to 
Sclerotinia wilt is dependent upon the stage of plant development when 
symptoms develop . When wilting occurred within 4 weeks of flowering, 
seed yield was reduced more than 70 percent (11) . This reduction was 
due to lower seed weight. However, oil content increased with delayed 
wilting after the flowering . 
Alternaria leaf blight caused by Alternar ia helianthi (Han sf.) 
Tubaki and Nishihara is another potentially destructive disease in the 
major sunflower growing areas . I t  can cause severe leaf and stem 
spotting resulting in premature defoliation and stem breakage. This 
disease causes a significant reductions in yield (4, 7 ,  50) . The disease 
has also been recognized as a threat to sunflower production in the 
United States and sunflower are susceptible to .infection at any growth 
stage (24, 54). Alternaria disease is measured as a percent leaf disease 
severity , and there is a relationship between disease severity and loss . 
As the percent disease increased, the loss also increased (7, 50) . The 
nature of significant yield reduction primarily depends on the plant 
growth stage when disease epidemics develop. Susceptibility of 
sunflower plants is greatest during the anthesis and seed filling stages 
of growth (4) . Yield components such as flower size , number of seeds 
per head, plant seed yield , seed weight and oil content are adversely 
affected (6). 
Septoria leaf spot (caused by Septor ia helianthi Ell & Kell. ) 
is widely distributed on sunflower and can reduce seed yields by as 




to sunflower compared to Alternaria leaf blight. H owever, 50 to 70 
percent affected plants in the field  has been reported (25) . Infection 
varied from moderate to severe on 1 00 percent of plants in 2 1  percent 
of the surveyed sunflower fields in Mani toba in 1 964. 
Phoma black stem (caused by Phoma macdona ldii) produces 
black lesions on the stem and petioles. Under severe conditions, 
lesions completely girdle the stem and through the union of several 
patches the whole stem becomes completely blackened (39) .  Severely 
infected young plants may be killed by early infection whereas older 
plants are generally stunted, weakened and produce small heads. The 
severity of the Phoma black stem was observed in surveyed fields of 
the Dakotas and Minnesota (20) . When compared to other diseases its 
severity was not considered especially damaging. P .  macdonald i i  is also 
cosidered as a contributor to premature ripening of sunflower. The 
premature ripening complex consists of supplemental stress from 
drought, nematodes , insects, collateral pathogens, plant maturity and 
other agents (10 ) . Premature ripening has been observed in field plots 
and in one field in the Southeastern North Dakota it resulted in 65 
percent yield reduction ( 10) . 
Genetics of Disease Resistance 
Resistance is a genetically controlled plant characteristic which 
suppresses pathogen and disease development. The magnitude of plant 
resistance ranges from total resistance to total susceptibility. The use 




of controlling plant diseases. I t  was first indicated by Putt (49) that 
sunflower cultivars and lines differ in susceptibility to stalk and head 
rot caused by S c l erot inia s c l erotiorum . The resistance is expressed as 
a · higher percent of surviving plants in resistant cultivars than 
susceptible. Resistance has been identified in both adapted inbred 
lines and in exotic germplasm (19) . This resistance has also been 
shown to be heritable but the level of resistance in current hybrids is 
not considered adequate for control . Resistance to Sclerotinia stal k rot 
also exists among the perennial He l ianthus species, and has been 
utilized in the breeding of cultivated sunflower (47) . 
Seedlings of inbred lines, Fl hybrids and an open pollinated 
cultivar varied from moderately resistant to highly susceptible for 
Sclerotinia disease reaction (28) . Fifty-one germ plasm entries of 
sunflower under field conditions showed differences in susceptibility and 
no entry was found to be free from the disease (33) . The sunflower 
inbred line HA 61 has partial resistance which in some crosses is 
transferred to its Fl progeny (13) . Later this resistance was confirmed 
by Mancl and Shein (37) . But two other resistant sunflower lines in 
the latter study did not convey resistance to Fl crosses with 
susceptible genotypes, but resistance was expressed in certain 
advanced generations of the parental lines and crosses made with them , 
indicating that resistance in these lines "'{as not dominant. However, 
another study (60) indicated that Sclerotinia resistance from inbreds 
can be transferred to Fl hybrids. 




i n h e r ita n ce of res i sta n ce to Sc l e rot i n i a w i l t .  T h e  l a rg e l y  add it ive  
g e n et ic  va r iat ion  and h i g h  h e r i ta b i l i ty fo r Sc l e roti n i a res i sta n ce s u g gest 
( 1 7 ) t h at s e l ection  fo r res i sta nt  s u nf lowe r genotypes  ca n b e  effect i ve . 
T h e  genotyp i c  v a r i a n ce of Sc l e rot i n i a res i sta n ce i s  h i g h  a n d  th e 
i n h e r ita n ce of res i sta n ce comp l e x  a n d  dete rmi n ed by sev e ra l  g e n es ( 63 ) . 
Rec i p roca l recu r re n t  s e l ecti o n  fo l lowed by i n oc u l at ion  tests s h ou l d  g i ve 
th e best i n d i cat ion  of  th e p rese nce of  the  des i red po lygen  ic  res i sta nee 
for Sc  I e rot i n  i a wi  I t  ( 23 ) . 
S u nf lowe r genotypes ex h i b i t va r i a b l e  amou nts  of res i sta nce  to 
A .  he l ianthi . Some s u nf lowe r h yb r i d s  a n d  l i n es we re obs e rv ed to h ave 
mode rate res i sta nce  to A lte rn a r i a  l ea f  b l i g h t  but n o  i m m u n e  genotype 
wa s fou n d  ( 29 ) . I n  a f i e l d  test of 1 1 5 s u nf lowe r va r i et i e s  i n  I n d i a u n der  
a rt if i c i a l  i nocu l at i on , o n l y  5 va r i et i es we re fou n d  res i s ta n t  to  A l te rn a r i a  
d i s ea s e  ( 2 ) , a n d  n o  va r i ety wa s i dent i f i ed a s  h i g h l y res i sta nt .  
S i g n i f i cant  d i ffe re nces we re obse rved between twenty - fou r i n b red l i nes 
of s u nf lowe r fo r react ion  to A .  he l ianthi , a s  mea s u red by the  
percentag e of  l ea f  a rea i n fected ( 7 ) . T h i s  i n d i ca tes t h a t  A l te rn a r i a  
d i s ea s e  res i sta n ce i n  s u n f l owe r i s  e x p re s s ed q u a nt i tat i ve ly  a s  a 
red u ction  i n  d i s ea s e  seve r ity . T h e  A l te r n a r i a l eaf b l i g h t  res i sta n ce a l so 
ex i sts  i n  p e re n n i a l  He l ianthus s pec i es . T h ree out  of 37  p e ren n i a l  
He l ianthus s pec i es we re obs e rved a s  mode rate l y  res i s ta nt to A .  
he l ianthi i n  t h e  g reen h o u s e  (40) . T h i s  res i sta nce may b e  t ra n sfe ra b l e  
to t h e  cu l t i v ated s u nf lower  b y  bac kc ros s b reed i n g . 
a re 
Septo r i a  l eaf s pot res i sta nce h a s  been repo rted b ut i t s  sou rces 
u n p u b l i s h ed ( 69 ) . Res i sta n ce h a s  been repo rted f rom Za m b i a  ( 65 )  
11 
where tropical varieties are less susceptible compared to varieties from 
temperate regions. Recently Carson (8) detected significant differences 
between sunflower inbred lines for reaction to Septoria leaf spot. 
On the basis of field observations various forms resistant to 
P. macdonaldii have been listed (5). The evaluation of wild donors of 
resistance and their hybrids for resistance P. macdonaldii along with 
other pathogens revealed 12 resistant forms belonging to Helianthus 
annuus subspp. petiolaris and lenticularis. 
Genetics of Agronomic Traits 
Knowledge of the heritability, the type of gene action 
involved, and the number of genes associated in controlling quantitative 
traits is essential for the choice of the most effective and efficient 
selection and breeding procedures. 
Heritability estimates based on the variance components method 
in local and introduced sunflower cultivars were relatively high for seed 
yield , yield components and oil content (44). This indicates that most 
variability among cultivars was due to genetic causes. Additive gene 
action may also be responsible for high heritability estimates of seed 
yield per plant (55). On the basis of high heritability estimates , seed 
yield per plant was suggested to be most effective trait on which to 
base selection (45). However , others have reported low heritability for 
seed yield (30 , 61). Estimates of heritability in a diallel cross involving 
six inbred lines of sunflower were low for grain yield and oil 
percentage compared with traits like plant height , head diameter and 
12 
time of flowering (66). 
Information about heritabilities of major _ yield components is 
also important. This information is needed in selection for increasing 
seed yield through selection of its components. High heritability 
estimates for 1000-seed weight have been reported (30,62), and it was 
also indicated (62) that additive effects are the most important 
component of genetic variance for this trait. However, others have 
reported (45,61) low estimates of heritability for seed weight and 
indicate that selection for this trait will be difficult (45). High 
heritability estimates for number of seeds per head with very high 
. expected genetic advance suggested that this trait was probably due to 
additive genetic effects (53). 
On the basis of heritability estimates it was indicated that 
additive gene action may be important for head diameter (55). In a set 
of diallel crosses involving ten parents and 66 Fl's of sunflower grown 
under seven environments, significant dominance as well as additive 
genetic variance for head diameter, plant height and seed yield per 
plant were evident ( 12). Three to four loci appeared to be the 
minimum loci governing the inheritance of these traits. In general, 
dominant genes appeared to have positive effects for all traits in this 
study but the possibility of having negative effects in some pa rents was 
not ruled out. Plant height was moderately heritable . From this study 
it is clear that plant height, and head diameter were the important 
attributes of seed yield per plant and these traits appeared to be 
governed by some common genes having pleiotropic effects. 
13 
The additive and nonadditive components are equally important 
in the inheritance of plant height. Analysis of components of genetic 
variance and regression analysis (38) indicated the presence of 
superdominance in the inheritance of plant height. Dominant genes 
were more frequent than recessive for plant height. The high 
heritability estimates for plant height (30,43) and high genetic advance 
suggested that additive gene action may be responsible (55). However, 
Pathak (45) indicated that selection for plant height will be difficult 
because of low heritability estimates. 
Broad-sense heritabilities estimated in different populations for 
the number of days to flowering were high (30,43,53) and on the basis 
of genetic advance estimates, this was considered probably due to non-
additive genetic effects (53). 
Oil content of sunflower is determined by genes that are 
partially dominant or complementary in their action (52). The success of 
the Russian program in increasing oil content by the " Lysenko method" 
was dependent on a large additive component of genetic variation which 
exists for this trait (3). Heritability of oil content in the selected 
plants of the varietal population of "Peredovik" and "Vniimk 8931" were 
low (42). Low estimates of heritability for oil content have also been 
reported (30, 61). However, high heritability and genetic advance for 
oil content (62) indicated that additive effects were the most important 
component of genetic variance for this trait. Fick (14) indicated that 
genetic effects were largely additive on the basis of the ratio of narrow 
to broad-sense heritability estimates. The heritability of sunflower 
4 3 5878 
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seed-oil content is relatively high and that significant improvements can 
be made in increasing oil content by selection of individual plants for 
high oil in early generations (1). The mode of inheritance of oil 
content in sunflower seed differed among ten sunflower inbreds of S9 
generation. The majority of the hybrid combinations showed partial or 
full dominance; the rest were either intermediate or exhibited heterosis 
(57) . 
Correlation Among Characters 
In plant breeding, knowledge of genetic correlations among 
traits in a population can be useful when using selection for secondary 
traits to improve a primary trait or genetic correlation may be 
detrimental when selection for one trait results in undesirable correlated 
responses. 
A significant regression between plant height and Sclerotinia 
disease incidence has been reported (35) , with the shortest varieties 
most often attacked. The relative susceptibility to Sclerotinia is not 
closely correlated with days to 50 percent flowering nor to plant height 
(16). Also there is no close correlation between Sclerotinia resistance 
and earliness (63) , between Sclerotinia 
date, head diameter or oil content (64) . 
showed combined resistance to Phoma , 
pathogens have been listed (5) . 
susceptibility and flowering 
Few sunflower forms which 
Sclerotinia along with other 
In another study of inbred lines (8), resistance to Alternaria 
leaf blight and Septoria leaf spot were significantly positively 
-
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correlated. A high correlation between the diseased leaf area of 
Alternaria leaf blight and Septoria leaf spot and reduction in achene 
yield have also been documented (65). The S2 testcross reciprocal 
selection technique used to select for improved yield in sunflower 
populations in Zambia has not resulted in the improvement of yield to 
the desired level (22). However, populations selected for Alternaria 
and Septoria leaf spot disease resistance showed some improvement. 
Several studies of the correlation of plant and seed traits with 
seed yield and oil content have been reported. A positive correlation 
between plant height and number of days to flowering (43), and 
100-seed weight (55) are evident in the literature. Genotypically plant 
height was positively correlated with head diameter, number of seeds 
per head but negatively correlated with 100-seed weight and oil content 
(59). 
Days from planting to flowering was positively genotypically 
and phenotypically correlated with seed yield (30), but earlier maturity 
has been associated with shorter stems and lower oil content (18). The 
genetic and phenotypic correlations of seeds per head were negative 
with 100-seed weight but positive with oil content (59). Phenotypically, 
100-seed weight was negatively significantly correlated with oil content 
but genetically was slightly positively correlated (59) . 
Mungai (41) examined the possibility of utilizing head diameter 
and kernel percentage as criteria in breeding for high oil content. He 
observed a negative correlation between head diameter and kernel 
C 
D 
1 6  
percentage and between head diameter and oil content in the seeds. 
Head diameter was also significantly correlated with seed yield and oil 
yield ( 18) , 100-seed weight ( 55, 59) , and with seeds per head but 
negatively and signifi cantly correlated with oil content (59) . H owever, 
genetic correlations were positive between head diameter and seeds per 
head, 100-seed weight and negative with oil content (59) . 
A highly significant positive correlation exists between oil 
content and plant height and seed yield (51) , but no significant 
relationship exists between oil content and head diameter, and days to 
full bloom. Russell's data (52) suggested an association between oil 
content and days to flower, plant height, leaf area, vigor rating, and 
rust rating among inbred lines and top-cross hybrids. A positive 
correlation of seed oil content with plant height, maturity, and test 
weight exists in hybrids and open-pollinated populations (15) . Oil 
content of inbred lines was negatively correlated with seed weight. 
Seed oil content is also positively correlated with plant height but 
negatively correlated with head diameter, and seed yield in selected 
plants from open-pollinated varieties and inbred lines (67) . The yield 
of achenes and of oil were clearly correlated with plant height, less 
considerably with the head diameter, while a significant correlation with 
the weight of 1000-achenes and the hus k content was noted only 
sporadically (32) . The correlation between oil content and head 
diameter as well as between oil content and 1000-achenes weight shows 
that intensive selection for high oil content can somet imes interfere with 
the trend to increase achene yield. Oil content was negatively 
• 
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correlated as well having a negative direct effect on yield (46). 
Correlation coefficients of oi I yield and its components seed yield and oil 
content, were highly significant (18). The simple correlation coefficient 
between oil yield and plant height was significantly positive in groups 
of sunflower Fl hybrids (56). 
Positive and significant correlations between seed yield and 
agronomic traits like plant height, head diameter (34,45,46,48,59), 
100-seed weight (34,45, 59), seeds per head (59), and kernel oil content 
(34) suggested that selection for seed yield could be based on these 
"component" characters. lvanon and Stoyanova (30) noted a relatively 
higher positive value of the phenotypic correlation between yield and oil 
content in six late varieties and ten hybrids of sunflower. However, a 
negative genotypic correlation was observed between these two traits. 
Genetic and phenotypic correlations between seed yield and plant height 
were low but positive. The genetic correlation between seed yield and 
plant height, head diameter, seeds per head, 100-seed weight and oil 
content were positive. However seed yield and oil percentage were low 
in association (59). 
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MATERIALS AND METHODS 
Experimental Procedures 
Two populations of sunflower viz., Gene Pool 11 from 
Agriculture Canada, Morden, Manitoba and ND 761 from the USDA-ARS, 
Fargo, North Dakota were used in this study. Gene Pool 11 is a second 
cycle of selection from an original composite of 50 inbred lines. They 
were selected from various sources, mostly Russian varieties, for their 
oil content, agronomic traits and disease resistance. These lines were 
allowed to interpollinate for three seasons to form Gene Pool 1. In the 
following season 500 S1 families were selected from Gene Pool 1 and at 
the S3 generation the best 29 lines selected on the basis of combining 
ability and agronomic traits were interpollinated for two seasons . The 
seed harvested from these lines was called Gene Pool 11 (Personal 
communication , Walter Dedio, Agriculture Canada, Morden, Canada). 
ND 761 is a germplasm source for breeding of high oil cultivars and 
parental lines of hybrids with resistance to the Red river race (race 2) 
of downy mildew . This germplasm is a composite of seed of individual F2 
and F3 plants selected from the cross (P-21 VR1*2/HA 61/2/3* 
'Sputnik') involving "Sputnik" as a recurrent parent. ND 761 is 
variable for flowering and p lant height, reaction to rust and Vertici llium 
wilt diseases (68). 
One hundred sixty two and 104 S1 families from Gene Pool 11 
--
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and ND 761, respectively, were evaluated in 1982, whereas 150 different 
Sl families each from Gene Pool II and ND 761 were tested in 1983. In 
1982, two separate experiments, Experiment I and Experiment 11, were 
planted on June 3 on the SDSU Plant Pathology Farm, Brookings. 
Single row plots of each family were 3.05 m long, spaced 1.02 m apart 
and were replicated twice in a randomized complete block design. A 
different randomization of Sl families was used for each experiment. 
Plots were overplanted and thinned to 10 plants per plot. 
In experiment I, each plant in a plot was artificially inoculated 
with Alternaria helianthi when plants were about three weeks old by 
dropping 10-20 A. helianthi infested grains of either sorghum or barley 
into the leaf whorl. Individual Sl families were rated weekly at mid 
vegetative stage for percent Alterna ria leaf blight disease using a 0-11 
scale (27). Five of the same plants were inoculated with Phoma 
macdonaldii by injecting with 2 ml of a spore suspension (200,000 
spores/ml) below a i nternode located about 30 cm above the soil level 
approximately two weeks after flowering using a 50 ml Vaco pistol grip 
syringe (9). Two weeks later, inoculated plants were cut above the 
inoculated internode and split to ground level. Phoma reaction was 
recorded by observing stem infection on a 0 to 5 scale (0= no disease 
spread to 5= premature death). In experiment 11, all plants were 
inoculated with Septoria helianthi. The ·same inoculation and disease 
rating procedure as with Alterna ria leaf blight was used. The same 
plants in experiment 11 were inoculated with Sclerotinia sc lerotiorum, 
25 days after planting by placing two to three sclerotia 2-3 cm below 
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the soil 2 cm away from the stalk, using a jab-type hand planter. 
Sclerotinia disease causes root, basal stem infection and finally wilting 
of the plant. Therefore, plants were observed weekly for symptoms of 
Sclerotinia wilt, starting at the mid bud stage until the late seed 
development stage. The number of wilted plants observed at weekly 
intervals were converted to percent of plants per plot infected. 
In addition to experiments I and 11, a third experiment for 
the study of agronomic traits was planted near White, South Dakota. 
The 162 Sl families of Gene Pool 11 were assigned to 6 blocks of 27 
families each; whereas 104 Sl families of ND 761 were randomly assigned 
to 4 blocks of 26 families each. A replicate-within blocks design was 
used in this experiment. Three replications of Sl families from each 
population were grown separately in each block on June 5, 1982. A 
single row 7. 2 m long with 76. 9 cm between rows was planted for each 
family. Plots were overplanted and thinned to 25 plants per plot. The 
following agronomic traits were measured in this experiment: 
(1) Plant height (cm) : Distance from soil surface to the base of the 
sunflower head. Ten plants in each plot were measured after 
plants had reached full maturity. 
(2) Days to flowering : Data were recorded on the number of days 
from planting to opening of first row of disc flowers on 50% of 
the plants in each plot. 
(3) Head d iameter (cm) : After artificial drying , five randomly picked 
heads were measured from each plot. 
(4) Seed weight per head (gm): Three artificially dried heads 
-
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randomly picked from each plot were individually threshed, and 
seed cleaned and weighed. 
(5) 200-seed weight (gm): Two hundred seed samples were counted 
from each of the sunflower head (described in trait 4) and 
weighed. 
(6) Seeds per head: Head weight (gm)/200-seed weight (gm) x 200. 
(7) Oil content (percent): A seed sample of 40 ml was taken from 
each of the three random sunflower heads and oil content 
determined using NMR (nuclear magnetic resonance). Oil content 
was expressed at less than 10% moisture. 
(8) Seed yield (kg/ha): Plots were hand harvested and a plant 
count was made in each plot. Sunflower heads were artificially 
dried, threshed, seed cleaned and weighed. Finally plot seed 
yield were converted into seed yield per hectare. 
(9) Oil yield (kg/ha): Seed yield ( kg/ha) x Oil content. 
In 1983, three experiments were planted on the Plant 
Pathology Farm, Brookings. One hundred fifty Sl families each in Gene 
Pool II and ND 761 were used. Experiments I and II were planted on 
May 27, 1983 in same way as in the experiments of 1982. However, 
plots were not thinned in either experiment. These two experiments 
were inoculated and evaluated for disease reaction as in 1982, except 
ten plants in experiment I were inoculated with P . macdonaldii instead 
of five. Also experiment 11 was inoculated with S. sclerotiorum, 6 
weeks after planting by using mycelium infested sorghum grains instead 
of sclerotia. 
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Whole-plot disease ratings for 7 weeks were made for 
Alternaria leaf blight and Sclerotinia wilt in both years. Alternaria leaf 
blight ratings were noted from July 26 to September 6 in 1982, and July 
13 to August 24 in 1983. Sclerotinia wilt symptoms were recorded from 
August 17 to September 28, and July 21 to September 1 during 1982 
and 1983, respectively. However, only 4 weekly disease ratings were 
made for Septoria leaf spot from August 10 to 31 in 1982, and July 14 
to August 4 in 1983. Subsequent weekly ratings in Septoria plots were 
omitted due to the natural infection with A. helianthi rather than S. 
helianthi in both years. Plot mean scores of Phoma disease reaction 
were used for analyses. Alternaria and Septoria leaf blight data were 
converted to percent disease severity using Elanco Conversion Tables 
(Eli Lilly and Co., Indianapolis, Indiana). The Area Under Disease 
Progress Curve (AUDPC) for percent Alternaria leaf blight, percent 
Septoria leaf spot and percent Sclerotinia wilt was calculated as; 
AUDPC= ! 7{0. 5(S. •s._ 1 )} 
isl I I 
where 7= number of days in a week; Si= severity of the disease at 
the end of the week; and k= number of successive readings of the 
disease. The third experiment was also planted in a randomized 
complete block design with two replications. In experiment 111 twenty 
plants per plot were planted and later thinned to ten with a distance of 
30.8 cm from plant to plant. Agronomic traits , yield and its component 
data of plant height , days to flowering , head diameter, head weight , 
200-seed weight , seeds per head and oil content were recorded in the 
same way as the 1982 yield trial experiment. Only three sunflower heads 
were used for head diameter measurements instead of five as in 1982. 
23 
In addition to these three experiments in 1983, a fourth 
experiment for plot seed yield was planted on June 3, 1983 near White, 
South Dakota. The 150 S 1 families of each popu la ti on were randomly 
assigned to 5 blocks of 30 families each. A replicates-within-blocks 
design was used. Each family was replicated three times. An 
experimental unit was a single row 6.9 m long with 76.9 cm between 
rows was planted for each family. Plots were overplanted and thinned 
to 25 plants per plot. The experiment was hand harvested and 
individual plot seed yield recorded and converted to seed yield (kg/ha) 
in the same way as in 1982. 
Statistical Analyses 
A separate analysis of variance and covariance was carried out 
for each experiment. Analyses of variance and covariance of 
experiments I and 11 of 1982, 1983 and of experiment 111 in 1983 were 
performed as outlined in Table 1. The 1982 yield trial (Experiment 111) 
suffered considerable damage due to the "head clipping" weevil 
(Haplorhynchites aeneus Boh.) at late bud stage. Also heavy winds and 
rain prior to harvest caused lodging to some plots. Therefore, in both 
populations, plots with a minimum number of 13 plants per plot were 
included for 1982 agronomic data of experiment 111. Thereby 2 plots in 
Gene Pool 11 and 7 in ND 761 were discarded for all agronomic traits 
except days to flower, plant height and oil content. Simple regression 
analysis was performed for each trait on the number of plants per plot 
in yield trial experiment during 1982. Plot seed yield in Gene Pool II, 
head diameter and plot seed yield in D 761 were found to be 
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significantly affected by plant stand, therefore these traits were 
adjusted prior·to the analyses by using the following equation; 
Y'=Y-b(X-x) 
where Y'= adjusted value of the Y trait; Y= observed value of the Y 
trait; b= regression coefficient of Y on X and; (X-x)= deviation of 
number of plants in the plot from the over-all average number of 
plants. 
Table 1 Form of the analysis of variance and covariance of Sl families 
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The fourth experiment of 1983 suffered due to poor stands. 
Therefore in both populations, plots with a minimum number of ten 
plants per plot were included for seed yield. Forty-eight plots from GP 
II and 119 from ND 761 were discarded due to poor stands. The seed 
yield of each plot for this experiment was also adjusted for plant stand 
by the regression equation prior to the analysis. Data from missing 
plots were estimated by General Linear Model Procedure (SAS Institute 
Inc., Cary, North Carolina) . One degree of freedom was substracted 
from the degrees of freedom for total and error for each missing plot. 
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For the 1982 yield trial, the analysis of variance for agronomic traits 
and also -adjusted plot seed yield in the 1983 experiment was carried out 
as shown in Table 2. The families/block mean squares or mean cross 
products within experiments were used for the estimation of genotypic 
and phenotypic variances or covariances respectively. Broad-sense 
heritabilities for Sl families on a plot mean basis were calculated as the 
ratio of the genetic variance to phenotypic variance. Standard errors 
of heritability on a plot mean basis were estimated by using the 
procedure described by Lothrop et al. (36). 
Table 2 Form of the analysis of 
families with b blocks, 
families in the ith block. 
variance and covariance 
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6'tj = additive genetic variance (i=j) or additive genetic covariance 
(i#j) and 6': = environmental variance (i=j) or environmental 
covariance (i#j). 
The genetic component of covariance for two traits measured 
in different experiments was estimated by the pooled, corrected sums of 
cross products of observed family means divided by families degrees of 
freedom. Hence the expected covariance of the observed family means 
due to common environmental effect is zero as noted by Kempthorne 
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(31). These same across-experiments covariance estimates were also 
ta ken as the phenotypic covariance of two traits measured in different 
experiments. Genetic correlations (r ) were calculated for all pairs of 
g 
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genetic covariance between traits X and y, 
=estimate of family genetic variance for trait x, and 0'2gy =estimate of 
family genetic variance for trait y. Phenotypic correlations were 
calculated in a similar way using phenotypic covariance and variances, 
respectively. 
Estimates of the variance of genetic correlation coefficients 
within-experiments were calculated by the method of Tallis (58). The 
• 
variance of across-experiments genetic correlation coefficients were 
estimated by taking out the environmental covariance from the above 
method, since there is no environmental covariance between 
experiments. The genetic variance and covariance estimates from both 
years of two traits were pooled separately for each population and 
pooled genetic correlation estimates obtained. Estimates of the variance 
of genetic correlation coefficients were calculated by the same method 
(58). However , pooled estimates of mean squares and mean cross-
products were obtained by setting the expected mean squares and 
solving for the desired component. Heritabilities and genetic 
correlations estimates were considered significant if their absolute value 
exceeded twice their standard error. 
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RESULTS 
Means, ranges and coefficients of variation (Tables 3 and 4) 
demonstrated that Sl families of Gene Pool 11 (GP 11) and ND 761 
populations contained large amounts of variability for all traits. Mean 
areas under disease progress curve for percent Alternaria leaf blight 
CAUDAL T) and percent Sclerotinia wilt (AUDSCL) were greater in 1983 
than 1982 in both populations. This was probably due to favorable 
conditions for development of these two diseases in 1983. However, a 
reduction in means of area under disease progress curve of percent 
Septoria leaf spot (AUDSEP), plant height, oil content, yield per 
hectare (yield/ha) and oil yield were evident in 1983. Sl families from 
ND 761 exhibited an increase in means for days to flower, plant height, 
head weight and seed weight in 1983. 
F-tests of Sl family mean squares were significant at the 0.05 
or 0.01 probability level for each trait and in each year in both GP 11 
and ND 761 , indicating that genetic variability existed among the Sl 
families in both sunflower populations for the traits measured. A direct 
statistical comparison of GP 11 and ND 761 is impossible since 
populations were planted in separate experiments. 
Estimates of genetic variance for yield/ ha were higher in 1982 
than 1983 in both populations (Appendix A and B) . Estimates of 
genetic variance for disease reaction to AUDAL T and AUDSCL increased 
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Table 3 Means, ranges and coefficients of variation (CV) of Sl 
families from Gene Pool II population grown during 1982 and 
1983. 
Year 1982 Year 1983 
Traits•'• Mean Range CV Mean Range CV 
AUDALT 1124. 2 601. 4-1963. 3 14.8 1523. 9 1006.2-2373.4 11. 3 
Phoma 2.6 1. 3- 4.2 22.3 2.8 2.1- 3.9 12.5 
AUDSEP 611. 7 352. 7- 918. 8 14.9 275.0 127.1- 482.6 27.4 
AUDSCL 707.9 181. 3-1640. 6 55.6 2321.4 1050.0-3345.0 26.2 
FLWR 63.8 60.0- 72.0 1.8 64.4 59.0- 71. 0 1. 9 
PLHT 165.6 120.2- 198.6 3.4 156.1 117.6- 185.7 3.6 
HDIA 15.4 10.6- 21. 4 6.9 16.1 12.5- 21. 3 11. 2 
HDWT 34.6 9.0- 63.5 19.4 44. 7 22.4- 78.5 25. 0 
SDWT 8.1 4.7- 13.1 11.4 10.3 6.2- 16.0 15. 9 
SDPHD 857.9 274.9-1465.1 16.2 878.4 432.0-1408.7 21. 0 
OIL 44.o · 29.7- 53.4 4.6 36.9 30.7- 41. 9 5.7 
YLD 1055.4 225. 4-2071. 9 15. 9 884.9 389.7-1297.6 21. 8 
OYLD 467.1 90.0- 916.2 16.5 326.9 136.1- 495.3 
*AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, percent Septoria leaf spot and percent 
Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured 
on a Oto 5 scale with O as most resistant, FLWR= Days to flower, PLHT= 
Plant height (cm), HDIA= Head diameter (cm), HDWT= Head weight (gm), 
SDWT= 200-seed weight (gm), SDPHD= Seeds per head, OIL= Oil content(%), 
YLD= Yield/ha (kg) and OYLD= Oil yield (kg/ha). 
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*AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, percent Septoria leaf spot and percent 
Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured 
on a Oto 5 scale with Oas most resistant, FLWR= Days to flower, PLHT= 
Plant height (cm), HDIA= Head diameter (cm), HDWT= Head weight (gm), 
SDWT= 200-seed weight (gm), SDPHD= Seeds per head, OIL= Oil content(%), 
YLD= Yield/ha (kg) and OYLD= Oil yield (kg/ha). 
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from 1982 to 1983 in both populations, probably due to greater disease 
development as mentioned earlier. Environmental variance estimates 
were higher in 1983 than 1982 for all traits except for AUDSEP and 
Phoma black stem disease reaction. 
The high estimates of genetic variance and low estimates of 
environmental variance in 1982 resulted in larger heritabilities estimates 
in 1982 than 1983 for both populations for yield/ha. Genetic and 
environmental variance estimates for AU DALT increased from 1982 to 
1983 for both populations resulting in larger heritabilities in 1983. 
Estimates of broad-sense heritabilities were significant when compared 
with their respective standard errors. However, in 1983, heritability 





heritability estimates of most traits in both 
in 1982 than 1983. Highest heritability 
estimates in both years and in both populations were for plant height 
and days to flower (Appendix A and B). Among disease reaction 
traits, AU DALT had the highest heritability estimates (>O. 66) in both 
years and populations. 
Pooled genetic variance and heritability estimates were 
significant for all traits in GP II and ND 761 (Table 5). In GP I I 
genetic variance estimates were larger than environmental variance for 
all traits except for Phoma and AUDSCL. However in ND 761 three 
disease ratings namely Phoma, AUDSEP and AUDSCL , and head weight 
had smaller genetic than environmental variances. Estimates of 
heritability were high (~0.89) for plant height and days to flower in 
3J. 
Table 5 Pooled estimat~s of genetic variance c62 6), environmental 
variance (62 ) and heritability (h 2) among S1 families of 
Gene Pool II and ND 761 populations. 
GENE POOL II ND 761 
Traits ti 6'2G t52E h2 62G d'2E h2 
AUDALT 40102. 23•'rn 14323.54 0. 74+ 26426. 30'l' ... ': 10884. 00 0. 71+ 
Phoma 0. 07-trn 0.12 0.39+ 0. 07>'• 0.08 0.44+ 
AUDSEP 3858. 04•':* 3532.80 0.52+ 2255. 76-lrit 2493.10 0.48+ 
AUDSCL 47979.18* 129315.35 0.27+ 113397. 73*''• 150701. 49 0.43+ 
FLWR 4. 30>h': 0.56 0.89+ 6. 9l>'rir 0.68 0.91+ 
PLHT 134.63** 12.60 0.91+ 141. 33>'n'r 14.83 0.91+ 
HDIA 0. 91*'l'• 0.73 0.56+ 0. 65>h'< 0.53 0.55+ 
HDWT 49. 67>':'l': 28.39 0.64+ 22.09* 30. 77 0.42+ 
SDWT 1. 54-i<* 0.57 0. 73+ 1. 35>'rn 0. 35 0. 79+ 
SDPHD 21619 . 13'l'n': 9621.29 0.69+ 19078. 72Trl< 11712.47 0.62+ 
OIL 3. 341•* 1. 68 0.67+ 3. 07m'r 1. 68 0.65+ 
YLD 39 208. 2 7>'rlt 10701. 02 0.79+ 17379 .14>'rl: 12693.51 0.58+ 
OYLD 9674. 68*''' 2167.03 0.82+ 5051. 08>'rlr 1993.77 0. 72+ 
*,~'rlr Significant at 0.05 and 0.01 probability levels, respectively. 
+ Heritability differ significantly from zero as its absolute magnitude 
exceeded twice its standard error. 
#AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, percent Septoria leaf spot and percent 
Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured 
on a Oto 5 scale with Oas most resistant, FLWR= Days to flower, PLHT= 
Plant height (cm), HDIA= Head diameter (cm), HDWT= Head weight (gm), 
SDWT= 200-seed weight (gm), SDPHD= Seeds per head, OIL= Oil content(%), 
YLD= Yield/ha (kg) and OYLD= Oil yield (kg/ha). 
both populations compared to other traits in this study. Phoma and 
AUDSCL ratings showed low (<0.40) but significant heritabilities in GP 
II. Similarly, head weight, AUDSCL and Phoma also had low (<0.45) 
but significant heritabilities compared to other traits in ND 761. 
Genetic correlations were greater than phenotypic correlations 
(Appendix C and D). However, genetic and phenotypic correlations 
were not consistent from year to year in both sunflower populations. 
These correlations varied in magnitude and as well as in direction for 
both years. However, in no case were genetic correlation coefficients 
judged to be significantly negative or positive in one year and the sign 
significantly reverse in the other year. Pooled estimates of genetic and 
phenotypic correlation coefficients for all traits studied in GP 11 and ND 
761 are shown in Tables 6 and 7, respectively. Estimated pooled 
genotypic correlation coefficients tended to be larger than 
corresponding estimates of pooled phenotypic correlation coefficients for 
both populations. In GP 11 , negative and significant genetic 
correlations were present between yield/ha and AUDAL T, yield/ha and 
AUDSEP ; between oil yield and AUDALT, Phoma, and AUDSEP (Table 
6). Yield/ha and oi I yield were positively and significantly correlated 
with all agronomic traits except days to flower. However , days to 
flower was positively and significantly correlated with plant height , 
head weight, and seed per head. AU DALT was significantly and 
positively correlated with AUDSEP but negatively with head diameter, 
head weight , seed weight , yield/ ha , and oil yield. Phoma was also 
negatively and significantly correlated with plant height, head weight, 
Table 6 : Pooled estimates of genetic (above diagonal) and phenotyplc (belw diagonal) correlation coefficients of Gene Poot It 
popu la ti on. 
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--- .. -------------·--- ··-------------·-· --------------------· ----------~------------------------•Correlation coefficients differ significantly from zero as its absolute magnitude exceeded twice its standard error. 
jAUOALT, AUOSEP and AUOSCL= Area under disease progress curve of percent Atternaria leaf blight, percent Septorla leaf spot and 
percent Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured on a Oto 5 scale with Oas most resistant, 
FLWH= Oays to flower, PLIIT= Plant height (cm). IIOIA= Head diameter (cm), HOWT= Head weight (gm), SOWT= 200-seed weight (gm), 
S01'110= Seeds per head, OIL= Oil content IS). YLO= Yield/ha (kg) and OYLO= Oil yield (kg/ha). 
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I 
and oil yield. Plant height was strongly and positively correlated with 
head diameter, head weight, seed per head, yield/ha, and oi I yield. 
Similarly head diameter was genetically correlated with head weight, 
seed per head, yield/ha, and oil yield. There were significant positive 
genotypic correlations between head weight and seed weight, seed per 
head, oil content, yield/ha, and oil yield. Seed weight, seed per head, 
and oil content were positively and significantly correlated with yield/ha 
and oil yield, respectively. The correlation between yield/ha and oil 
yield was positive and significant but greater than one. 
Phenotypically, all four disease ratings were negatively correlated with 
all agronomic traits except AUDSCL disease reaction which was 
positively correlated with head diameter. However yield/ha and oil 
yield were positively phenotypically correlated with all agronomic traits 
in this study. 
The pooled estimate of genetic correlations in ND 761 
population (Table 7) were significant and positive between AUPSEP and 
AUDAL T, AUDSCL, and plant height; between Phoma and head 
diameter; between plant height and days to flower, head weight, and 
seed per head; and between head diameter and head weight, seed per 
head, yield/ha, and oil yield. Genetic correlations were also positive 
and significant between head weight and seed per head, yield/ha, and 
oil yield; between seed per head and yield/ha, and oil yield and finally 
between oil yield and oil content, and yield/ha. There were significant 
and negative genetic correlations between days to flower and AUDALT 
and seed weight; and between seed weight and seed per head. 
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In general, there were fewer significant genotypic correlations 
coefficients in ND 761 than GP 11. Phenotypically, AU DALT was 
negatively correlated with days to flower and to lesser degree with seed 
weight, oil content, yield/ha, and oil yield. Phoma reaction also was 
negatively phenotypically correlated with days to flower, and plant 
height. AUDSCL was negatively phenotypically correlated with days to 
flower, head diameter, seed per head, and oil content. Oil content and 
oil yield also were negatively phenotypically correlated with AUDSEP. 
Estimates of genetic covariances for all pairs of traits, except 
Phoma with head diameter in GP 11 and phoma with seed weight in ND 
761 differed from year 1982 to 1983 (Appendix E and F). Genetic 
covariances in 1982 were greater in value than in 1983 for most of the 
traits measured in this study. Gene Pool 11 had greater genetic 
covariances between yield components and yield/ha, and oil yield in 
1982 than 1983. A similar trend was observed in ND 761 except for oil 
content. In genera I, phenotypic covariances were greater than the 
genotypic covariances in both years and in both populations. Also, 
phenotypic covariances were larger in 1982 than 1983 for both 
populations with most of the traits. The direction of signs for 
genotypic and phenotypic covariances are reflected from their respective 
genotypic and phenotypic correlation coefficients. 
Pooled estimates of genetic and phenotypic covariances 
between disease reactions and agronomic traits in GP 11 and D 761 are 
shown in Table 8 and 9, respectively. Phenotypic covariances were 
larger than genetic covariances for most traits in both populations. 
Table 8: Pooled estl11ates of genetic (above diagonal) and phenotyplc (below diagonal) covariances or Gene Pool II population. 
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Phenotypic covariances between experiments are the same as genetic 
covariances, since the expected covariances of the observed S1 family 
means due to common environmental effect is zero. Therefore , the same 
across - experiments cova ria nee estimates were taken as the phenotypic 
covariance of two traits measured in different experiments. 
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DISCUSSION 
Genetic variances are relevant to population improvement 
projects. For quantitative traits, these are the most sensitive general 
measures of gene action that are estimable. These estimates pertain to 
a population from which the experimental material is a sample. 
Therefore, estimates from one population may not apply to another. In 
our study pooled genetic variances in GP 11 were comparatively higher 
than in ND 761 for all traits except AUDSCL and days to flower. The 
higher genetic variances in GP 11 may be due to greater diversity in its 
germplasm compared to ND 761. However, both populations showed 
higher genetic variance for AUDSCL and AUDAL T diseases, yield/ha, 
and seed per head compared to other traits measured in this study. 
The genetic variance of sclerotinia resistance has also been observed to 
be high by Vranceanu et al. (63). In contrast, Phoma in our study 
had a smaller but similar genetic variance in both populations. This 
may be due to the scale used in measuring Phoma disease reaction. 
Heritability estimates in the narrow-sense are useful in 
predicting progress from selection. Narrow-sense heritability is the 
ratio of the additive genetic variance to the phenotypic variance. 
Reliable estimates of additive genetic variance cannot be obtained from 
this study, therefore broad-sense heritabilities on a family mean basis 
were calculated. These broad-sense heritabilities are the only useful 
estimates for predicting direct and correlated responses in S 1 family 
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selection schemes. Also, the heritability term must be introduced by a 
statement of the material and selection unit upon which the heritability 
is based. Therefore these estimates vary from one experimental 
material to another. Heritability estimates for all traits in this study 
were significant in both populations due to significant genotypic 
variance among S1 families for most traits. Moreover, different sets of 
S1 families were used in each year of this two year study, therefore 
genotype-environment interaction variance cannot be estimated. The 
genotype-environment interaction can bias genetic variance estimates 
upward, resulting in their over estimation. In GP II, significant but 
low heritabilities of 0.27 and 0.39 were observed for AUDSCL and 
Phoma, respectively. This is in disagreement with Fick et al. (17) 
who observed high heritability for Sclerotinia resistance. The cause for 
this disagreement may be due to use of different male and female 
hybrids in their study. High estimates of heritability (~.89) for plant 
height and days to flower in both sunflower populations were in 
agreement with findings of Oka and Campos (43), Shaban a (53), and 
lvanon and Stoyanova (30). Other high heritabilities (>0.60) in GP 11 
were for oil yield, yield/ha, AUDALT, seed weight, seed per head, oil 
content and head weight. Omran et al. (44) also found relatively 
high heritabilities for yield and its components including oil content. 
They indicated that most of the variability among cultivars in their 
study was due to genetic causes. Our results also agree with Vol'f and 
Dumacheva (62) as they indicated high heritabilities for oil content and 
seed weight. There were also significant and high heritabilities (>O. 60) 
for seed weight, oi I yield, AU DALT, oil content and seed per head in 
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ND 761. 
Estimates of genetic covariance for most of the traits in GP II 
and ND 761 differ markedly from year to year, probably indicating an 
interaction of covariance with different environments. Since the 
covariances from different years were estimated on different Sl families 
it is impossible to attribute the differences in the genetic covariance 
estimates solely to genetic differences or to genotype-environment 
interaction. Across experiments covariance estimates were taken as 
estimates of both genetic and phenotypic covariance since the 
environmental covariance for two traits measured in different 
experiments is expected to be zero. There was a consistent pattern in 
the sign of the pooled genetic covariance between reaction to different 
diseases and yield, and its components in GP 11. However, there was 
no consistent pattern in sign in the pooled genetic covariances for ND 
761. 
Knowledge a bout genotypic and phenotypic correlations among 
and between disease reactions and agronomic traits is important as it 
permits estimation of the feasibility of indirect seiection for yield with 
disease resistance. Pooled estimated genotypic correlations coefficients 
in our study tended to be larger than their corresponding pooled 
estimates of phenotypic correlation coefficients. This tendency was the 
result of the estimated genotypic variances typically being smaller than 
corresponding phenotypic estimates. Significant positive genetic 
correlations of AU DALT with AUDSEP were found in both populations . 
These were expected from a review of the literature (8, 22, 65). 
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However, correlations reported in literature were phenotypic rather 
than genetic in nature. The strong genetic correlation between these 
two foliar diseases suggest the use of an either pathogen in disease 
resistance. In such cases it's desirable to use A. helianthi rather than 
S. helianthi since the latter is considered a less important pathogen. 
Another positive and significant genetic correlation was between 
AUDSEP and AUDSCL in ND 761. This indicates that selection against 
one pathogen will indirectly be effective against the other in ND 761, 
since AUDAL T is correlated with AUDSEP and AUDSEP with AUDSCL. 
These correlations cannot be attributed solely to a genetic association 
between resistance to the different diseases although a general increase 
in plant vigor would be expected to result in a reduction in symptoms 
for these diseases. In both sunflower populations, no significant 
genetic correlation was observed between AUDSCL and agronomic traits. 
This lack of association has also been reported by other researchers 
(16,63,64). The pooled genetic correlations of oil content with reaction 
to four diseases in both populations were negative and non-significant, 
indicating that selection for resistance to these diseases should have no 
marked effect on oil content. 
Pooled genetic correlations of yield/ha with reaction to 
AU DALT and AUDSEP diseases in GP 11 were negative and significant, 
indicating that low disease score or high resistance is associated with 
high yield. The genetic correlations between AUDAL T disease and head 
diameter, head weight, seed weight, oil yield were also negative and 
significant. This trend was also observed between Phoma and plant 
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height, head weight, and oil yield ; and between AUDSEP and o i l  yi eld. 
These genetic correlations suggest that improvement of these agronomic 
traits in addition to low disease scores are possible. The signif icant 
positive genotypic correlat i ons between yield/ha and agronomic tra its 
except days to flower were expected from a review of the literature 
( 30, 45, 46, 48). These references only reported phenotypic correlat ions. 
The genetic correlations of yield with agronomic traits reported by 
Tyagi (59) and Lakshmanrao et al. (34) are in close agreement with 
these results. Therefore, we can conclude that most of the var iation in 
yield can be attributed to its agronomic tra its except days to flower. 
Days to flower was positively significantly correlated with plant height, 
head weight, seeds per head, and oil y ield . The posi tive sign if icant 
correlations between plant hei ght and head diameter, head weight , 
seeds per head, and oil yield were simi lar to the f indings of Tyagi 
(59). Head diameter was genetically strongly correlated · w i th head 
weight, seeds per head, and o i l  yield indicati ng that plants with larger 
heads contri bute more y ield and have more seeds (59, 67). Head wei ght 
had positive and s i gnificant genetic correlation with all agronomic tra its 
in  G P  1 1. Si milarly, seed wei ght, seeds per head, o i l  content and 
yield/ha were s i gnificantly and posit i vely correlated with o i l  y ield. 
None of the pooled estimates of genetic correlat ion coeffic ients 
of yield/ha with react ions to the four diseases i n  D 761 were 
s i gnif icantly different from zero . This provi des strong evidence that 
resistance to these four d iseases (AU DA LT, Phoma, A U DS E P and 
AUDSC L) i n  D 761 i s  inherited i ndependently of yield. The pooled 
N 
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genetic correlation of AU DALT with days to flower was negative and 
significant, indicating that resistance to Alternaria blig h t  is associated 
with late maturity . The only positive significant g enetic correlations 
between disease traits and agronomic traits for ND 761 were between 
Phoma and head diameter ; and between AUDSEP and plant height . 
Days to flower was negatively and significantly correlated with seed 
weig ht  but significantly and positively with plant h eig ht. T h is 
indicates that earliness is associated with increased seed weig h t  and 
reduced plant h eig h t. Plant heig h t  was also positively and significantly 
correlated with h ead weig h t, and seed per head. I n  t h e  literature, 
positive correlations between plant heig h t  and number of days to 
flowering (43), number of seeds per head (59) are evident. Head 
weight was positively significantly genetically correlated with seeds per 
head, yield/ha, and oil yield. Seed weig ht  was negatively and 
significantly genetically correlated with seeds per head, indicating that 
a decrease in the number of seeds per head results in increased seed 
weig ht. T h is negative association is in conformity with the results of 
Tyagi (59). Significant positive genetic correlations were also found 
between oil yield, oil content , and yield/ha. 
I n  conclusion, pooled estimates of heritabilities for all traits in 
both populations were significant. These estimates will be useful in 
determining the best methods of selection to improve these populations 
for specific traits. Genetic correlations among traits are of primary 
interest to plant breeders . They indicate the correlated responses that 
may occur when multiple trait selection is practiced. Knowledge of 
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genetic correlations is also helpful in identifying traits that have little 
or no importance in a selection program. However, unfavorable 
genotypic correlations between traits selected for in a breeding program 
may result in a reduction in the rate of improvement for some of the 
traits in comparison to responses that could be attained if the 
correlations were zero or in a favorable direction. The practical utility 
of selecting a primary trait as a means of improving secondary trait (s) 
largely depends on the extent to which improvement of the primary trait 
 is facilitated by selection. Such improvement not only depends on the 
genotypic correlations but also on the genotypic and phenotypic 
variances and phenotypic correlations of all the traits included in the 
selection strategies. In this study resistance to AU DALT is genetically 
significantly correlated with AUDSEP ;  and Phoma is positively non­
significantly correlated with AU DA LT, AUDSEP and AUDSC L in both 
populations. This positive association among disease reactions indicates 
that populations with multiple disease resistance can be readily 
developed. 
In G P  I I ,  there were favorable and significant genetic 
correlations of yield/ha with resistance to AU DALT, AUDSEP, and other 
agronomic traits (except days to flower). This indicates a large 
correlated response from selection between yield and disease resistance. 
Therefore, these favorable associations provide the possibility of direct 
selection of yield and its components with low disease scores against two 
foliar pathogens. Lack of significant correlations between disease 
reaction and yield/ha or oil content in ND 761 suggest that improvement 
-
47 




( 1 )  Abd - E l k reem , S . , B . A .  E l a h ma r , H .  G a l a l ,  a n d  M . A .  G a z a l a . 1 983 . 
B u l l . • I n h e r i ta n ce of o i l  co n te n t  i n  s u nf lowe r seed s . H e l i a : I n f .  
F . A . O . Res . N etwo r k  o n  S u n f l owe r N o . 6 : 13 - 16 . 
( 2 )  Ag rawat , J . M . , H . P . C h h i pa ,  a n d  S . J .  Math u r .  1 9 79 . S c ree n i n g 
I n d i a n  J .  of s u n f l owe r ge rm p l a s m a g a i n s t  A l t e rnar ia he l ianthi . 
Myco l . & P l a n t P a t h o l . 9 :  85 - 86 . 
( 3 )  A l e x a n d e r ,  D . E .  1963 . T h e  " Lysen ko Meth od " of i n c rea s i n g  o i l 
co n tent  of t h e  s u n f l owe r . C rop S c i . 3 : 279 -280 . 
( 4 )  A l l e n ,  S . J . , J . K . Koc h ma n ,  a n d  J . F . B row n . 1981 . Los s es  i n  
S o u t h e r n  s u n f l owe r y i e l d  ca u s ed by Alternar ia he l ianthi i n  
Q u een s l a n d . A u st .  J .  Ag r i c . A n i m . ·  H u s b . 2 1  : 98 - 100 . 
( 5) A n a s h c h e n ko ,  A . V . , a n d R . M .  Kos h e l eva . 1984 . I d e n t i fy i n g  fo rm s 
of s u n f l owe r res i sta n t  to S c l erot in ia s c l erot io rum a n d Botryt is 
c inerea . M a s l i c h n ye k u l ' t u ry N o . 1  : 5 - 6  ( P l .  B reed . A b s t . 
54 : A b s  t r  . 3 53 9 : 1 984 )  . 
( 6 )  B a l a s u b ra h ma n ya m ,  N . , a n d  S . J . Ko l te . 1980 . Effect of d i ffe re n t  
i n te n s i t i es o f  A l te r n a r i a  b l i g h t on y i e l d  a n d o i l co n t e n t  of 
s u nf lowe r .  J .  A g r i c . S c i . ( Ca mb . ) 94 : 749 - 75 1 . 
( 7 )  Ca rso n , M .  L .  1985 . E p i dem i o logy a n d  y i e l d  los ses a s soc i ated w i t h  
A l te r n a r i a  b l i g h t  o f  s u n f l owe r .  P h ytopatho logy 75 : 1 15 1 - 1 156 . 
( 8 )  Ca rso n . M .  L .  1985 . React i o n s  of s u nf lower  i n b red l i n e s  to two 
fo l i a r  d i s ea ses . P l a n t  D i s ea s e  69 : 986 - 988 . 
( 9 )  Ca rson , M . L . ,  a n d  A . L .  H oo k e r . 
to sta l k  rot of co rn  ca u sed 
P h ytopat h o l og y  7 1  : 1 190 - 1 196 . 
1981 . I n h e r i ta n ce of res i sta n ce 
by Co l l etot r ichum graminico l a .  
( 10 )  Do n a l d , P . A . , J . R .  Ve n ette , a n d  T . J . G u l ya . 
r i pe n i n g d u e  to P h oma g i rd l i n g . p 6 - 7 . P roc . 
Wo r k s hop , Dec . 10 - 1 1 ,  at l . S u n f l owe r A s soc . , 
Da kota . 
1984 . P rem a t u  re 
S u n f l ow e r Res . 
B i s ma rc k ,  o rt h  
( 1 1 )  Do r re l l ,  D . G . ,  a n d  H . C . H u a n g . 1978 . I n f l u e n ce of s c l e rot i n i a 
w i l t  o n  s eed y i e l d  a n d  q u a l i ty of s u n f l owe r w i l ted at d i ffe rent  
stages of deve l opm e n t . C rop S c i . 18 : 974-976 . 
( 12 )  D u a , R . P . , a n d  T . P .  Y a d a v a . 1985 . G e n et i cs of seed y i e l d  a n d 
49 
its components in sunflower (Hel ianthus annuus L.) . P. 627-632. 
Proc. 11 th Inter. Sunflower Conf., MarDel Plata, Argentina. 
(1 3) Dueck, J., and S.J . Campbell. 1 978. Resistance to S c l erotinia 
s c lerot iorum ( Lib.) de Bary in sunflower. p 305-31 0. Proc. 8th 
Inter. Sunflower Conf., Minneopolis, Minnesota. 
(1 4) Fick, G.N. 1 975. Heritability of oil content in sunflowers. 
Crop Sci. 15 : 77-78. 
(15) Fick, G.N., D.E. Zimmer, and D.C. Zimmerman. 19 74. 
Correlation of seed oil content in sunflowers with other plant and 
seed characteristics. Crop Sci. 14 : 755-757. 
(16) Fick, G.N., and T.J .  Gulya. 1980. Occurrence of sclerotinia 
wilt of sunflower and preliminary results on breeding for 
resistance. p.83-87. Proc. 9th Inter. Sunflower Conf., Malaga, 
Spain. 
(17) Fick, G.N., T.J. Gulya, and G.E. Auwater. 1983. I nheritance of 
sclerotinia wilt resistance in sunflower. p 21-22. Proc. Sunflower 
Res. Workshop, J anuary 26. Natl. Sunflower Assoc., Bismarck, 
North Dakota. 
(18) Ghanavati, N.A., E. Nahavandi, and A. Ghaderi. 1981. 
Breeding sunflower for semi-arid regions. 
96 : 447-450. 
Agric. Sci. (Camb.) 
(19) Gulya, T., J.S. Baumer, and N. V.R.R. U rs. 1984. Sclerotinia 
(20) 
stalk rot resistance in today's  commercial sunflower hybrids. p 
14. Proc. Sunflower Res. Workshop. Feb. l ,  N ational Sunflower 
Assoc., Bismarck, North Da kota. 
Gulya, T .J., and R.A. MacArthur. 1984. I ncidence and 
severity of sunflower diseases in the Dakotas and Minnesota 
during the 1984 growing season. Proc. Sunflower Res. 
Workshop, Dec. 10-11 , p. 6., National Sunflower Assoc., 
Bismarck, North Dakota. 
(21) Gulya, T.J ., and V.J. J ons. 1981. I ncidence of sclerotinia stal k 
rot of sunflower in the Da kotas and Minnesota. Phytopathology 
71 : 221 (Abstr.) . 
(22) Habowa, B., W. Roath, P. Lapoint, and G. Ravagnon. 1985. 
Results of a S2 test cross recurrent selection technique on yield 
improvement of three sunflower (He l ianthus annuus L.) populations 
from the upland tropics of Zambia (Abstr. ) .  p 659. Proc. 11th 
I nter. Sunflower Conf., MarDel Plata, Argentina. 
(23) Hargitay, L. 1982. The suscepti bility of different varieties and 
hybrids of sunflower to S c lerot inia s c lerot iorum ( Lib) de Bary. 
Novenyvedelem 
1 608 : 1983). 
18:359-361 (Rev. 
50 
Plant Path. 62: Abs tr. 
(24) Herr, L.J. and P.E. Lipps. 1981. Occurrence of Alternaria 
(25) 
helianthi on sunflower in Ohio. Phytopathology 71:880 (Abstr.). 
Hoes, J.A., and E.D. 
Western Canada in 1964. 
Putt. 1964. Diseases of sunflowers in 
Can. Plant Dis. Surv. 44:236-237. 
(26) Hoes, J. A., and H. C. Huang. 1980. Effect of population 
(27) 
(28) 
density on development of Sclerotinia wilt and yield of sunflower. 
p 275-280. Proc. 9th Inter. Sunflower Conf., Malaga, Spain. 
Horsfall, J.G., and R.W. Barratt. 1945. 
system for measuring plant diseases. 
(Abstr.). 
An improved grading 
Phytopathology 35: 655 
Huang, H.C., and D.G. 
seed Ii ngs for res ista nee 
Sclerotinia sclerotiorum. 
Dorrell. 1978 Screening sunflower 
to toxic metabolites produced by 
Can. J. Pl. Sci. 58:1107-1110. 
(29) Islam, U., A. Marie, L. Cuk, and D. Skoric. 1976. Studies on 
leaf, stem and head spotting of sunflower caused by Alternaria 
helianthi in Yugoslavia. p. 140-141. Proc. 7th Inter. Sunflower 
Conf., Krasnodar, USSR. 
(30) I vanon, P., -and Y. Stoy a nova. 1980. Studies on the genotypic 
and phenotypic variability and some correlations in sunflower 
(Helianthus annuus L.). p. 336-342. Proc. 9th Inter. Sunflower 
Conf., Malaga, Spain. 
(31) Kempthorne, 0. 1969. An introduction to genetic statistics. 
The Iowa State University Press, Ames, Iowa. p. 267. 
(32) Kloczowski, Z. 1974. Correlations of some features in the 
breeding material of sunflower variety Wiel kopolski. p .321-324. 
Proc. 6th Inter. Sunflower Conf., Bucharest, Romania. 
(33) Kolte, S .J., B. Singh, and A. N. Tewari. 1976. Evaluation of 
sunflower genotypes for resistance to Sclerotinia sclerotiorum. 
Indian J. Mycol. & Pl. Pathol. 6:65-67. 
(34) 
(35) 
La ks h ma n r ao, N . G . , 
Kusuma kumari. 1985. 
sunflower. p 733-736. 
Plata, Argentina. 
K.G. Shambulingappa, and P. 
Studies on path-coefficient analysis in 





1973. Effect of hereditary factors on the apparent 
sunflower to Sclerotinia sclerotiorum. Annales de 
des Plantes. 23:279-286. (Rev. Pl. Path. 55:Abstr. 
51  
(36) Lothrop. J .E., R.E. Atkins, and O.S. Smith. 1 985. Variability 
for yield and yield components in I AP I R  grain sorghum random­
mating population. I .  Means, variance components, and 
heritabilities. Crop Sci. 25 : 235-240. 
(37) Man cl, M. K., and S. E. Shein. 1 982. Field inoculation of 
sunflower for S clerotinia s clerotiorum basal stalk rot and 
virulence of isolates from various hosts. p 1 67-1 70. Proc. 1 0th 
I nter. Sunflower conf., Surfers Paradise, Australia. 
(38) Marinkovic, R. 1 982. I nheritance of plant height and leaf 
number in diallel crossings of sunflower inbreds. p 232-233. 
Proc. 1 0th I nter. Sunflower Conf., Surfers Paradise, Australia. 
(39) McDonald, W.C. 1 964. Phoma black stem of sunflowers. 
(40) 
Phytopathology 54 : 492-493. 
Morris, J . B . , S . M. 
Helianthus species 
67: 539-540. 
Yang, and L. 
to Alternaria 
Wi I son . 1 983. Reaction of 
helianthi . Plant Disease 
(41 )  Mungai, P. D. 1 976. Correlation between head diameter, kernel 
percentage and oil content in sunflower (Abstr.) . p. 76. 7th 
I nter. Sunflower Conf., June 27-July 3, Krasnodar, U SSR. 
(42) Nikolic-Vig, V., D. Skoric, and S. Bedov. 1 97 1 . Variability of 
oil and husk content in the sunflower seed of Peredovik and · 
(43) 
Vniimk 893 1 varietal populations and their heritability. 
Contemporary Agric. 1 9 : 23-32. 
0 ka, H . I . , and F . F . 
genetic variations of 
SABRAO J ou r. 6 :  61 -67. 
Campos. 1 974. Breeding behavior and 
sunflowers observed in Central Luzon. 
(44) Omran, A.O . ,  A.M. Abol-Zahab, and M.A. Haikal. 1 976. 
Evaluation of sunflower cultivars. I .  Heritability and variability of 
metric traits (Abstr.) . p 59-60. Proc. 7th I nter. Sunflower 
Conf., Krasnodar, U SSR. 
(45) Pathak, R.S. 1 974. Yield components in sunflower. p.271 -281 . 
Proc. 6th I nt. Sunflower Conf., July 22-24, Bucharest, Romania. 
( 46) Path a k, A . R . , M . U . Ku ka di a , and B . A . Ku n ad i a . 1 983 . Path -
(47) 
coefficient analysis in sunflower. Indian J .  Agric. Sci. 
53 : 607-608. 
Pustovoj t, G. V. 1 968. 
Sclerotinia. Sel 'skohoz 
38 : Abstr.671 7 :  1 968) . 
Breeding sunflowers 
Biol. 3 :  91 -95 ( Pl. 
resistant to 
Breed. Abst. 





other characters in the sunflower. Sci. Agric. 23:377. 
Putt, E.D. 1958. Note on differences in susceptibility to 
Sclerotinia wilt in sunflowers. Can. J. Plant Sci. 38:380-381. 
Reddy, P. C., and B .M. Gupta. 1977. 
to leaf blight of sunflower indicated 
Indian Phytopathology 30:569-570. 
Disease loss appraisal due 
by Alternaria helianthi. 
(51) Ross, A.M. 1939. Some morphological characters of Helianthus 
annuus and their relationship to the yield of seed and oil. Sci. 
Agric. 19:372. 
(52) Russell, W. A. 1953. A study of the inter-relationships of seed 
yield, oil content, and other agronomic characters with sunflower 
inbred lines and their top crosses. Canad. J. Agric. Sci. 
33:291-314. 
(53) Shabana, R. 1974. Genetic variability of sunflower varieties and 
inbred lines. p.263-269. Proc. 6th Inter. Sunflower Conf., 
Bucharest, Romania. 
(54) Shane, W.W., J.S. Baumer, and S.G. Sederstrom. 1981. 
(55) 
Alternaria helianthi: a pathogen of sunflower new to Minnesota. 
Plant Disease 65: 269-271. 
Shinde, Y.M., M.J. Wattamwat, and G.D. Patil. 1983. 
Variability and correlation studies in sunflower. J. Maharashtra 
Agric. Univ. 8: 122-123. 
(56) Skoric, D. 1974. Correlation among the most important 
characters of sunflower in Fl generation. p.283-289. Proc. 6th 
Inter. Sunflower Conf., July 22-24, Bucharest, Romania. 
(57) Skoric, D. 1976. Mode of inheritance of oil content in sunflower 
seed of Fl generation and component of genetic variability 
(Abstr.). p 60-61. Proc. 7th Inter. Sunflower conf., 
Krasnodar, USSR. 
(58) Tallis , G.M. 1959. Sampling errors of genetic correlation 
(59) 
coefficients calculated from analyses of variance and covariance . 
Aust. J. Stat. 1 :35-43. 
Tyagi , A. P. 1985. Association and path analysis of field 
components and oil percentage in sunflower (Helianthus annuus 
L.). p 807-812. Proc. 11th Inter . Sunflower Conf. , MarDel Plata , 
Argentina. 
(60) Urs , N .V.R . R. , J. Lofgren , and W. Harada. 1983. Sclerotinia 
resistance : Problems and progress. p 22. Proc . Sunflower Res. 




(61) Vol'f, F.G., and A.N. Kas'Vanenko. 1972. inheritance of 
character in a sunflower population. Selktsiya i Semenovodstvo. 
Resp. mezhved. temat. nauch. sb. No. 21:37-42 (Pl. Breed 
Abstr. 45: Abstr. 5694: 1975). 
(62) Vol'f, V.G., and L.P. Dumacheva. 1973. Influence of the 
parental genotype on variation in economically valuable characters 
in sunflower hybrids. Selktsiya i Semenovodstvo. Resp. 
mezhved. temat. nauch. sb. No. 24:36-43 (Pl. Breed. Abstr. 
45: Abstr. 7598: 1975). 
(63) Vranceanu, A.V., N. Pirvu, F.M. Stoenescu, H. lliescu, and I. 
Lascu. 1981. Genetic aspects of the resistance of sunflowers to 
Sclerotinia sclerotiorum (Lib.) de By. Analele I nstitutulu i de 
Cerceta ri pentru Cereale si Plante Tehnice 48: 45-53. ( Pl. Breed. 
Abst. 53:Abstr. 9002: 1983). 
(64) Vranceanu, A.V., N. Pirvu, F.M. Stoenescu, and H. lliescu. 
1984. A study in sunflowers of the genetic variability in 
resistance to Sclerotinia sclerotiorum Lib. de By. Analele 
I nstitutului de Cercetari pentru Cereale si Plante Tehnice, 
Fundulea 51:27-35 (Pl. Breed. Abst. 55:Abstr.3821: 1985). 
(65) Wellving, A., and P. Lepoint. 1984. Breeding for resistance to 
sunflower diseases in Zambia. Sveriges Utsadesforenings 
Tidskrift 94:197-204. (Pl. Breed. Abst.55: Abstr. 1201:1985). 
(66) Zali, A.A., B. Y. Samadi, and A. Sarafi. 1976. Analysis of 
diallel crosses among six inbred lines of sunflower (Abstract). p. 
62. 7th Inter. Sunflower Conf.,June 27-July 3, Krasnodar, USSR. 
(67) Zali, A.A., and B.Y. Samadi. 1978. Association of seed yield 
and seed oil content with other plant and seed characteristics in 
Helianthus annuus L. p.164-171. Proc. 8th Inter. Sunflower 
Conf., Minneapolis, Minnesota. 
(68) Zimmer, D.E. , and G.N. Fick. 1979. Registration of ND 761 
sunflower germplasm. Crop Sci. 19 :421. 
(69) Zimmer, D.E. , and J.A. Hoes. 1978. Diseases. pp.225-262 In: 
Sunflower Science & Technology. Agronomy monograph 19. J. F. 
Carter. ed. , Amer. Soc. Agron ., Madison, WI. 505pp. 
54 
11. SELECTION INDICES 
ABSTRACT 
Pooled estimates of genetic and phenotypic variances and 
covariances for multiple disease resistance and agronomic traits were 
obtained from Sl families of Gene Pool 11 and ND 761 sunflower 
populations. Three selection strategies each for disease resistance and 
agronomic traits; and nine selection strategies combining agronomic and 
disease resistance traits were used on each popufation. 
Multiple disease resistance was predicted to respond readily to 
selection. The Smith-Hazel index in both populations was efficient in 
improving predicted gains for resistance to four diseases (Alternaria 
leaf blight, Septoria leaf spot, Phoma and Sclerotinia wilt) when 
selection was focused on Alternaria blight and Sclerotinia wilt resistance 
simultaneously. This selection index was also effective for both 
populations in improving predicted gains for agronomic traits (head 
weight, 200-seed weight, oil content and yield/ha) when selection was 
for oil percent, and yield/ha simultaneously. 
The Smith-Hazel index was most efficient in improving 
predicted gain in aggregate genotype for Gene Pool II when all four 
diseases and three agronomic traits (except head weight) were included 
in the index. The Smith-Hazel and desired gain indices with 
simultaneous selection of Alternaria blight and Sclerotinia wilt 
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resistance, oil percent and yield/ha were suggested for improvement of 
multiple disease resistance and agronomic traits in Gene Pool 11 and ND 
761 respectively, because of the reduced number of traits included. 
The restricted selection index and the desired gain index were most 
efficient in controlling gains for plant height and days to flower, 
included as secondary traits. After population improvement by index 




Recurrent selection has been proposed as a method for the 
improvement of crops by gradually increasing the frequency of 
favorable alleles in a population while maintaining genetic variability. 
The effectiveness of this type of selection for single traits in sunflower 
(Helianthus annuus L.) has been well documented in the literature. A 
population improved for one trait may be deficient in one or more other 
traits, therefore selection indices have been considered as an effective 
breeding tool when more than one trait must be considered (35). 
The sign and magnitude of genetic correlations between traits 
and heritabilities of different traits are necessary in deciding the most 
efficient selection procedures. To calculate a selection index, it is also 
necessary to know the relative economic value or desired gain of each 
trait, the genotypic and phenotypic variance of each trait, and the 
genotypic and phenotypic covariance among each pair of traits. 
Seed yield and disease resistance are important traits in any 
sunflower breeding program. Therefore simultaneous selection for these 
traits should be an appropriate situation in which to use a selection 
index. The objective of this study was to evaluate the effectiveness of 
S1 family index selection based on genetic parameter estimates from 
Gene Pool II and ND 761 populations in simultaneously improving seed 
yield, its components and quantitative disease resistance. This 
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information is a pre-requisite to initiate a recurrent selection program 
for agronomic and disease resistance traits in both sunflower 
populations . 
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REVIEW OF LITERATURE 
Recurrent Selection 
Recurrent selection has been shown to be a successful method 
in improving the mean yield of inbred lines derived from a population. 
Population improvement in sunflower when compared to corn breeding, 
has not received much attention in recent years. Aside from the 
Pustovoit Method (30) for improvement of oil percentage, which is a 
modified form of recurrent selection not involving self-pol I ination, 
relatively few recurrent selection studies involving only oi I or yield 
improvement have been conducted in sunflower (1,8,9,26). The 
Pustovoit method of reserves has been successful in improving oi l 
percentage while at the same time maintaining or improving seed yield. 
Varietal improvement based on the 'method of reserves' was 
initiated recently in India (11) in an open-pollinated variety of 
sunflower. Response to selection for seed yield and oi I content 
assessed through five cycles resulted in a negative response for seed 
yield. The mean seed oil content increased from 41.4% in the base 
population to 46.9% at the end of the fifth. cycle. The population still 
showed large variability for oil content after five cycles of selection 
suggesting the possibility of further improvement in subsequent cycles. 
Three cycles of recurrent selection for high oil percentage within two 
source populations resulted in a total increase of 3. 2 and 3. 9 in oi I 
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percentage, respectively (9). Miller et al. (26) observed that 
heritability values of oil content in sunflower were sufficiently high for 
selection in early generations to improve oil content. After three cycles 
of simple phenotypic recurrent selection, oil content increased by 12. 4%. 
A continuous genetic advance (13.18% per cycle) by mass selection was 
observed in three cycles of selection in an open-pollinated variety of 
sunflower (2) . 
Recurrent selection methods utilizing both Sl progeny and test 
cross evaluation in sunflower indicate that significant improvement in 
yield and combining ability of populations can be achieved by either Sl 
or test cross evaluation (8). After one cycle of recurrent selection 
using S 1 progeny evaluation and a selection intensity of 20%, seed yield 
of a synthetic population was increased 6.9%. The results from 
reciprocal recurrent selection in two sunflower populations with a wide 
genetic base (1) suggest the possibility of a 20% advance seed yield in 
both populations. Three cycles of pheno,typic selection in three 
genetically diverse populations of sunflower improved seed yield in only 
one popu la ti on ( 15). Limited results on the value of recurrent selection 
for seed yield have been presented by Gundaev (13). One cycle of 
recurrent selection for high yield , with testcross evaluation of progeny, 
increased seed yields by 6% over the original cultivar (12). He also 
indicated that a 13% increase in seed yield by intercrossing the best 
yielding lines was obtained by Karp in 1946. 
Reciprocal recurrent selection using S2 testcrosses has been 
used to select for improved yield in three sunflower populations in 
Zambia (14). The yield performance of composite varieties of these 
populations were not at the desired level. The probable cause of 
failure of this selection technique in improving yields was poor random 
pollination during the dry season because of the lack of pollinators, 
resulting in inbreeding depression. Populations selected for Alternaria 
and Septoria leaf spot disease resistance, however, did exhibit a limited 
improvement in yield. Phenotypic recurrent selection for Sclerotinia 
wilt resistance within the cultivar Peredovik has resulted in populations 
with susceptibility reduced to about one-half that of the original 
population (20) . 
Selection Indices 
Plant breeders have long recognized that the value of a plant 
is only rarely determined by a single trait. Therefore they work to 
simultaneously improve several traits within a population. Selection 
indices can be constructed which describe the value of an individual or 
family as a function of several traits. For th is study three selection 
indices , estimated selection index, restricted selection index and desired 
gain index were used. Therefore only these indices will be discussed 
in this chapter. 
The criteria of the choice of an efficient multiple trait 
selection in plants was first explained by Smith (35). He proposed 
estimating the relative genetic worth of different individuals through 
the use of a discriminant function (index) of the form 
I= blXl + b2X2 + • • • + bnXn 
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where Xi is the phenotypic value of the ith trait and b• ' s are .. 
calculated so as to maximize the selection index (I). Knowledge of 
genotypic and phenotypic variances of each trait, genotypic and 
phenotypic covariances between each pair of traits, and the relative 
economic value of each trait are necessary to calculate the set of b4 's. 
As this index is based on variance-covariance estimates, it is often 
called an estimated or optimum index. Hazel (17) used path coefficients 
to obtain results similar to Smith (35), and also explained the genetic 
theory on which the construction of selection indices is based. He 
clarified that only additive effects should be included in the genotypic 
value. Thereby index coefficients are calculated to maximize the 
correlation between selection index (I) and aggregate genotype (H). 
Therefore the estimated index is also sometimes referred to as the 
Smith-Hazel selection index. 
A theoretical comparison of the relative efficiency of the 
optimum index with independent culling levels ( rejection of all 
individuals below a certain level for a given trait regardless of merit 
for other traits) and tandem selection (selection for a different single 
trait in subsequent cycles of selection) was compared by Hazel and 
Lush (18). The comparison of the relative efficiency of these three 
methods for certain restricted conditions was expanded and given by 
Young (37) and Finney (10). The general conclusion of these studies 
is that the optimum index is never less efficient than independent 
culling level selection which , in turn , is never less efficient than 
tandem selection in increasing the net economic worth. The superiority 
► 
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of the optimum index over the other two methods increases with 
increasing number of traits under selection, decreasing selection 
intensity and decreasing differences in relative economic value. The 
relative superiority of the optimum index over independent culling levels 
or tandem selection, however, may not be sufficient to warrant its use 
(37). Therefore reliable estimates of heritabilities of the traits, their 
relative economic values, and the correlations between traits are 
essential in deciding whether to use an optimum index or a simpler 
method of multiple trait selection. 
In order to realize maximum gain in net economic value, the 
optimum index may result in a decrease in the genetic value of some 
traits of low economic value. Kempthorne and Nordskog (23) proposed 
a restricted index which itself is a modified Smith's index to hold some 
trait or function of traits constant while selecting for other correlated 
traits. This index maximizes economic gain in a desired set of traits 
while having a correlation of O with that function of traits which are 
not to be changed. 
It is often difficult or undesirable to assign economic values to 
traits under selection. Therefore a different approach to the 
construction of indexes requiring no knowledge of relative economic 
values was proposed (29). This index , designated as the desired gain 
index where index coefficients are calculated based on the amount of 
gain desired for each trait rather than on relative economic values. 
This type of an index may be superior to the Smith-Hazel index when 
assigning desired gains is easier than assigning relative economic 
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values. 
Predicted gains from the use of selection indices have been 
calculated for a number of crops, but limited information on the use of 
selection indices in sunflower is available. Selection indices in sunflower 
varieties on the basis of phenotypic traits were constructed by a 
multiple regression equation (3). Plant height and seed filling 
percentage were the most important traits, governing 82% of the 
variability in yield. Selection indices for sunflower were also 
constructed using dispersion matrices (28). Maximum expected genetic 
gain was obtained when plant height, basal diameter, number of le~ves, 
capitulum size, percentage of seed filling, seed weight and yield per 
plant were included in the function. Combinations of these traits 
showed a relative efficiency of 541% over the function where yield per 
plant alone was considered. 
Several index selection techniques originally constructed for 




Based on predicted gains, several authors have compared 
efficiency of the optimum index with other indexes in 
specific populations. The expected genetic gains for several estimated 
indices based on yield components for three F2 corn populations were 
calculated by Robinson et al. (31). Predicted gains for all indices 
were greater than the predicted gain for selection based on yield alone. 
The index based on plant height, ears per plant, and yield was 
predicted to give 130% of the gain from selection for yield per se. 
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Suwantaradon et al. (36) used two sets of arbitrarily 
assigned relative economic weights to several agronomic traits in 144 Sl 
I ines of maize. Both sets were effective in improving yield, percent 
emergence, emergence index but undesirable responses were predicted 
for other traits. Similar problems with a Smith-Hazel Index have been 
reported (4). The Smith-Hazel index maximizes gain in the aggregate 
genotype and not necessarily each of the traits within the index. For 
individual traits, negative responses may occur when they are 
negatively correlated with traits with higher additive genetic variances 
and economic weights. 
Expected gain for oat grain yield from indices in which plant 
height and maturity were restricted were examined (33). When changes 
in plant height and heading date were held to zero, gain in yield was 
57% as great as when no restriction was applied. When harvest index 
was included as a secondary trait, gain was improved to 70% of the gain 
from unrestricted selection for yield. Population parameters estimated 
from 1200 oat lines were used to construct indexes including heading 
date, plant height, grain yield, and straw yield (32). Gains from 
selection among inbred lines showed reasonable agreement with predicted 
gains from the restricted selection indexes used. 
The use of a desired gain index, a base index where index 
coefficients were equal to economic we ights, and a Smith-Hazel index for 
improving several agronomic traits in maize were compared (36). 
Desired gain index was recommended because of the difficulty in 
estimating economic values which when included in the index would give 
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predicted responses in the desirable direction for all traits. Expected 
gains in all traits were found to be a proportion of the desired gains 
specified when constructing the index. The effectiveness of a desired 
gain index, direct selection and an estimated index for improvement of 
corn grain yield and protein percentage in two maize populations was 
also compared (22). Use of desired gain index was feasible for 
simultaneous improvement of grain yield and percent protein. The 
agreement with prediction of gains from an estimated index or a desired 
gain index was as good as for ·single trait selection. Others have found 
the desired gain index to be not as efficient as other types of index 
selection (4). This was explained in part by the difficulty in 
specifying meaningful desired gains for the traits studied. The relative 
efficiency of the index was found to vary substantially depending on 
the desired gains specified. Assigning d'esired gains to secondary 
traits of no economic value would also be difficult. 
Results from simultaneous selection for quantitative resistance 
to more than one disease or simultaneous selection for disease resistance 
and other traits has not been reported for sunflower. However reports 
on other crops are in the literature. Mass selection for seven cycles in 
two alfalfa gene pools for resistance to rust and leaf hopper yellowing 
was effective in increasing resistance to both the disease and insect 
simultaneously (5). Two index selection methods were also effective in 
alfalfa (6) in simultaneously improving resistance to four foliar diseases 
and recovery after cutting. Suwantaradon et al. (36) estimated 
phenotypic and genetic variances and covariances and predicted gains 
66 
from index selection in the BSSS2 maize population for a number of 
agronomic traits including yield potential and resistance to two insects. 
Their data indicated that simultaneous improvement in insect resistance 
and yield potential in the absence of insect attack should be possible. 
Jinahyon and Russell (21) observed a small positively correlated 
response in testcross yield to selection for resistance to Diplodia stalk 
rot. They attributed the response in yield to indirect selection for late 
maturity resulting from the method used to select for Diplodia stalk rot 
resistance. Russell et al. (34) also reported no correlated response 
in yield potential (after elimination of inbreeding effects) in five maize 
populations to three cycles of recurrent S1 selection for resistance to 
first brood European corn borer. Simultaneous improvement in 
resistance to several diseases of corn was possible because of positive 
genetic correlations between different disease scores (24). However low 
estimates of genetic correlations between disease scores and yield in the 
absence of disease indicated no large correlated response from selection 
between yield and disease resistance (24). Modified ear-to-row desired 
gain index selection was effective in increasing northern corn leaf 
blight resistance in two corn populations, and resistance to Diplodia 
stalk rot and Anthracnose stalk rot in one population each. No 
consistent correlated response in grain yield to selection for disease 
resistance was observed (25) . This indicated that selection based on 
indexes constructed from data on several traits and designed to 
maximize gain in disease resistance was no more effective than selection 
for disease score per se. 
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MATERIALS AND METHODS 
Pooled estimates of genotypic and phenotypic variances and 
heritability for each trait and the genotypic and phenotypic covariances 
among each pair of traits obtained from S1 families of Gene Pool 11 and 
ND 761 (described previously) were used in this study. Predicted gain 
is a change produced by the selection. This change is of main interest 
to the plant breeders, since it changes the population mean. Therefore 
predicted gain (Gs) in this study was calculated as; 
Gs= i. 6f5.h 2 
where i= 1. 755 (standardized selection differential using a selection 
,,.. 
intensity of 10%); 6i5= the phenotypic standard deviation of S 1 family 
means; and h 2 = the broad-sense heritability estimate. 
The correlated response (CR) in trait x from selection on 
trait y was predicted by using the equation (7); 
,.. 
CR= i. h . h . r . ~p 
X y xy y 
where i= 1. 755 (standardized selection differential using selection 
intensity of 10%) ; h and h = the square-roots of heritabi l ity for trait 
X y 
x and y respectively ; r = the genetic correlation between x and y ; 
~ xy 
and 6'P = the phenotypic standard deviation of y. y 
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Construction of Selection Indices 
Three different types of selection indices for imp roving Gene 
Pool 11 and ND 761 populations by S 1 family selection were compared. 
Measures of resistance to four diseases, namely, Area under disease 
progress curve of percent Alterna ria leaf blight CAUDAL T), Phoma 
black stem, Area under disease progress curve of percent Septoria leaf 
spot (AUDSEP), and Area under disease progress curve of percent 
Sclerotinia wilt (AUDSCL) were included in separate indices to improve 
multiple disease resistance. Similarly, four traits of yield and its 
components, head ~eight (HDWT), seed weight (SDWT), oil percent 
(01 L) and yield per hectare (YLD) were included in separate indices. 
Finally disease resistance, yield and its components were included in 
indices to improve these populations for all traits. Flowering date 
( FLWR) and plant height ( PLHT) were included as secondary traits with 
zero economic weight or desired gains attached to their improvement, 
because no improvement of these traits is needed in these two adapted 
sunflower populations. 
Desired gains of 30% were set for resistance to AUDAL T, 
Phoma and AUDSCL; 20% for AUDSEP resistance and YLD; and 10% for 
HDWT, SDWT and 01 L, respectively. The relative economic values and 
desired gains for these traits are presented in Table 10. Negative signs 
for disease traits are desired since a low disease score indicates high 
resistance. A series of indexes were constructed for both sunflower 
populations to maximize gain. 
with three selection indices 
Details of the selection strategies used 
(Smith-Hazel index, Restricted selection 
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constructing selection indices for Gene Pool 11 and ND 761 
populations 
Gene Pool II ND 761 
Rel. econ. Desired Rel. econ. Desired 
value gain value gain 
-2 -397.23 -2 -333. 51 
-2 -0.81 -2 -o. 75 
-1 -88.68 -1 -84.10 
-2 -454.41 -2 -273.63 
0 0 0 0 
0 0 0 0 
1 3.97 1 4.00 
1 0.92 1 0.87 
1 4.05 1 3.91 
2 194.04 2 209.56 
*AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, Septoria leaf spot and Sclerotinia wilt 
respectively. Phoma= Phoma black stem disease measured on a Oto 5 scale 
with Oas most resistant, FLWR= Days to flower, PLHT= Plant height (cm), 
HDWT= Head weight (gm), SDWT= 200-seed weight (gm), OIL= Oil content(%) 
and YLD= Yield/ha (kg). 
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index and Desired gain index) are outlined in Table 11. The choice of 
different selection strategies are necessary because inclusion of many 
traits in the index results in smaller gains for each individual trait. 
Therefore with different selection strategies we will have the option to 
pick the index having fewer traits with better gain. 
Estimated indices were calculated by the method described by 
Smith (35). The appropriate weighting factors were obtained by 
b= v-i .V .a 
p g 
where b= the vector of b.'s; V - 1 = the inverse of the phenotypic 
I p 
variance-covariance matrix; V g = the genotypic variance-covariance 
matrix; and a= the vector of relative economic values. 
Restricted selection indices were calculated as described by 
Kempthorne and Nordskog (23). The index coefficients were obtained 
as; 
where I= the identity matrix; P - 1 = the inverse of the phenotypic 
variance-covariance matrix; G= the genotypic variance-covariance 
matrix; C= the coefficient vector matrix; C'= the transposed coefficient 
vector; and a= the vector of relative economic values. 
Desired gain indices were calculated by the method outlined 
by Pesek and Baker (29); 
b= V - 1 • h g 
where V - 1 = the inverse of genotypic variance-covariance matrix; and h= 
g 
the vector of desired gain. 
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Table 11 Li st of indices constructed to max 1m1ze gain in Gene Pool I I 





ID! AUDALT, Phoma, AUDSEP, AUDSCL 
ID2 AUDALT, Phoma, AUDSC L 
ID3 AUDALT, AUDSCL 
Agronomic Traits# 
!Al HDWT, SDWT, OIL, YLD 
IA2 SDWT, OIL, YLD 
IA3 OIL, YLD 
Disease and Agronomic Traits# 
IDA! AUDALT, Phoma, AUDSEP, AUDSCL, HDWT, SDWT, OIL, YLD 
IDA2 AUDALT, Phoma, AUDSEP, AUDSCL, SDWT, OIL, YLD 
IDA3 AUDALT, Phoma, AUDSEP, AUDSCL, OIL, YLD 
IDA4 AUDALT, Phoma, AUDSCL, HDWT, SDWT, OIL, YLD 
!DAS AUDALT, Phoma, AUDSCL, SDWT, OIL, YLD 
IDA6 AUDALT, Phoma, AUDSCL, OIL, YLD 
IDA7 AUDALT, AUDSCL, HDWT, SDWT, OIL, YLD 
IDA8 AUDALT, AUDSCL, SDWT, OIL, YLD 
IDA9 AUDALT, AUDSCL, OIL, YLD 
*AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, Septoria leaf spot and Sclerotinia wilt 
respectively. Phoma= Phoma black stem disease measured on a Oto 5 scale 
with O as most resistant, HDWT= Head weight (gm), SD~T= 200-seed 
weight(gm), Oil= Oil content (%) and YLD= Yield/ha (kg). 
#Flowering days and Plant height (cm) were also included in the 
indexes as secondary traits. 
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Expected gain in each trait by index selection was calculated 
from the formula described by Finney (10); 
Agt k(Gb)/ ~ 
where Ag.= the genetic gain in ith trait; k= 1. 755 (standardized 
I 
selection differential using selection intensity of 1 O'I,); G= the genotypic 
variance-covariance matrix; b= the vector of index coefficients; (Gb).= 
I 
the ith element of the column vector Gb; b'= the transpose of b; and P= the 
phenotypic variance-covariance matrix. 
Relative efficiencies of the selection strategies were expressed 
by their aggregate genotypic values in genetic standard deviations. 
The aggregate genotype is equal to the sum of the predicted responses 
in traits. Disease traits with a minus sign (resistance) were considered 
positive when calculating the aggregate genotype. Predicted gains in 
secondary traits, irrespective of their positive or negative direction, 
were deducted from the aggregate genotype. 
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RESULTS 
Predicted primary and correlated responses to single trait 
selection from a cycle of Sl fam i ly selection in Gene Pool 11 and ND 761 
are presented in Tables 12 and 13, respectively. Correlated responses 
for Phoma and 01 L from selection for resistance to AUDAL T, AUDSEP 
and AUDSCL were negligible in Gene Pool 11 and ND 761. Selection for 
SDWT is associated with a decrease in SDPHD and an increase in YLD 
in both populations. Similarly, correlated responses from selection for 
resistance to four diseases in Gene Pool 11 were high for YLD and its 
components except SDWT and FLWR. Favorable correlated responses 
from selection for YLD in Gene Pool 11 are predicted in AUDAL T, 
AUDSEP, AUDSCL as well as increases in PLHT, HDWT, SDPHD, 01 L 
and 0YLD (Table 12). The expected gain in YLD of ND 761 population 
will be mainly due to increased HDWT, SDPHD and 0YLD (Table 13). 
Predicted Gains from Index Selection 
Predicted gains from 
selection strategies for disease 
indices are given in Table 14. 
S 1 family selection by using three 
resistance and two types of selection 
Index coefficients (b-values) for index 
selection for multiple disease resistance in the two populations are 
presented in Appendix G. When selection was for all four diseases 
simultaneously (1D1), predicted gains were greatest using the Smith-
Hazel index for both populations. This is evident in the aggregate 
TABLE 12: Predicted direct responses (on the diagonal), and correlated responses (off the diagonal) to S1 fam I ly 
select ion (10% select ion intensity) in Gene Pool 11 popu la ti on in units of measurements. 
•~•••~•~••••--••-••••••••••••••••••••-...-•-••••~---••-••••••••••••••••-~••••••--~~~~•••~--~•~•---w•----~•••••••••• 
Secondary T ra I ts 
Primary ••••••••••••••••••••••••••-••••-•••••••••--•••---~-••••--~••~•---~-----•a~~--~-~----~~--~~--9~---~9 ~--
traits* AUOALT Phoma AUOSEP AUOSCL FLWR PLHT HOIA HOWT SOWT SOPHO OIL YLO OYLO ------ ........ ~m------AUOALT 301.68 0.09 63.27 54.60 -o. 50 -3. 34 -0.57 -4.35 -0.56 -50. 79 -o. 30 -134.71 -58.65 
Phoma 46.83 0.30 13.88 70.56 -0.34 -4. 13 -0.21 -2.81 -o. 30 -40.29 -0.54 -70. 18 -35.28 
AllOSEP 171.69 0.07 78.76 46.05 -o. 11 -0.01 -0. 38 -2.26 -0.33 -29.76 -0.42 -81.90 -39.07 
AUOSCL 30.25 0.07 9.40 199.98 -0.70 -2.02 0.09 -1.03 -0.05 -21. 76 -o. 12 -42.63 -20.04 
ILWR -53.35 -0.07 -11.41 -134.38 3.43 11.85 0.35 3.28 -o. 31 99.14 -0.01 56.65 24.81 
PIJIT -64. 19 -o. 15 -0.04 -70.11 2. 15 19.47 0.97 7.88 0.40 142.83 0.59 172 .07 78.70 
IIDIA -104.72 -0.07 -25.67 28.31 0.60 9. 19 1.25 8.21 0.42 164.24 0.29 224.44 99.03 
11owr -11•1. 75 -o. 14 -21.96 -49.07 0.82 10.82 1. 19 9.87 0.91 155.41 0.78 239.32 110.84 
SOWi -90. 37 -0.09 -19.25 -13.01 -0.47 3.32 0.37 5.55 1.86 -44.05 0.44 159.77 69.47 
SDPIIO -67.03 -0. 10 -14.48 -51.83 1. 24 9.81 1. 19 7. 77 -0.36 214.66 0.67 182. 56 87.74 
OIL -31. 29 -o. 11 -16.07 -22.36 -0.01 3. 18 0.17 3.06 0.28 52.63 2.62 113.19 82.12 
YLD -140.68 -o. 14 -31. 52 -80. 311 0.56 9.35 1.28 9.47 1.04 144.43 1. 14 308. 01 170.25 
OVLO -125.75 -o. 14 -30.87 -77.55 0.50 8.78 1. 16 9.00 0.93 142.51 1.69 349.51 156.03 
*AUOALT, AUOSEP and AUOSCL= Area under disease progress curve of percent Alternaria leaf blight, percent Septoria 
leaf spot and percent Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured on a o to 5 scale 
with Oas most resistant, FLWR= Oays to flower, PLHT= Plant height (cm), HOIA= Head diameter (cm), HOWT= Head 
weight (9111). SOWT= 200-seed weight (gm). SOPHO= Seeds per head, Oil= Oil content(%), YLO= Yield/ha (kg) and 
OVLO= Oi I yield (kg/ha). 
TABLE 13: Predicted direct responses (on the diagonal), and correlated responses (off the diagonal) to S1 family 





































































Secondary T ra I ts 



























































































































*AUDALT. AUDSEP and AUDSCl.= Area under disease progress curve of percent Alternaria leaf blight, percent Septoria 
leaf spot and percent Sclerotlnla wilt respectively. Phoma= Phoma black stem disease measured on a Oto 5 scale 
with Oas most resistant, FLWR= Days to flower, PLHT= Plant height (cm), HDIA= Head diameter (cm), HDWT= Head 
we i ylit (gm). SOWT= 200-seed weight (gm), SDPIID= Seeds per head, 0 i I= 0 i I content ( IL YLD= Yi e Id/ha (kg) and 




genotype (Table 14). However predicted gains for AUDSCL resistance 
in Gene Pool 11 were greater with the desired gain index. Desi red gain 
index was also efficient in ND 761 for improving resistance to AUDAL T 
and AUDSEP traits when selection was for I D3 ( resistance to AU DALT 
and AUDSCL simultaneously). Restricted selection indices were not 
used for disease selection strategies, since all four diseases in this 
study are economically important. 
When selection was for three agronomic traits simultaneously 
(IA2), aggregate genotype was greatest for agronomic traits using the 
Smith-Hazel index in Gene Pool If (Table 15). The aggregate genotype 
was also greatest using the Smith-Hazel index in ND 761 when selection 
was for four traits (IAl) simultaneously. This index was more efficient 
in improvement of HDWT, SDWT and YLD traits in both populations . 
Desired gain index was most efficient in improving the predicted gains 
for 01 L in both populations . However it was less efficient for both 
populations in improving the aggregate genotype . In ND 761 when 
selection was for two traits simultaneously (IA3), desired gain index 
was superior to the restricted selection index in improving the 
aggregate genotype of agronomic traits. Restricted and desired gain 
indices were effective in controlling correlated responses for secondary 
traits in both populations. Index coefficients of indices for the 
improvement of agronomic traits of both populations a re given in 
Appendix H. 
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Table 14 Predicted gains 1 and the aggregate genotype for four 
diseases from selection 2 among Sl families of GP II and ND 




















AUDALT Phoma AUDSEP AUDSCL 
GENE POOL II 
-1.362 -0.511 -1.083 
-0.666 -0.999 -0.479 
-0.652 
-0.696 
-1.318 -0.509 -0.923 -0.682 
-0.670 -1.006 -0.524 -0.701 
-1.327 -0.401 -0.922 -0.663 




-0.698 -0.993 -0.603 
-0.974 -0.576 -0.849 
-0.739 -1.051 -0.393 
- 0 . 9 9 1 - 0 . 40 7 -0.868 







1 Genetic standard deviation units. 
2 Ten percent selection intensity. 












-2. 4 76 
-3.297 
-3.204 
AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, Septoria leaf spot and Sclerotinia wilt 
respectively. Phoma= Phoma black stem disease measured on a Oto 5 scale 
with Oas most resistant. 
TABLE 15: Predicted gai~s (genetic standard deviation) and the aggregate genotype for 
six agronomic traits from selection (10% selection intensity) among Sl 
families of Gene Pool II and ND 761 population by using three selection 
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*SIii= Smllh-llazcl Index, RSI= Restrict.eel !;ulucli1111 luclmc and DGI:-: Ocsi twl g.iin i11dcx. 
#Aggregate genotype in parenthesis were summocl from procllcted gains of primary traits. 
IIDWT= llead weight (gm), SDWT= 200-seed weight (gm), OIL= 011 content (I), YLD= Yield/ha 




Predicted responses to index selection for both disease and 
agronomic traits of Gene Pool 11 are presented in Table 16. Index 
coefficients are presented in Appendix I. For all nine selection 
strategies, the Smith-Hazel index and the restricted selection index 
were superior to the desired gain index in this population (Table 16). 
Selection for improvement of resistance to all four diseases and three 
agronomic traits simultaneously (IDA2) by the Smith-Hazel index was 
the most efficient for improving the aggregate genotype, followed by 
the restricted selection index (IDAl). Desired gain index was least 
efficient compared to the Smith-Hazel and restricted indices but it did 
give the highest predicted gains for 01 L in all selection strategies. 
Smith-Hazel indices were the most efficient in improving AUDAL T, 
HDWT, SDWT and YLD in all indices. Restricted selection indices were 
most effective in improving AUDSEP in all indices examined in Gene Pool 
II . 
Responses of individual 
genotype were generally less in 
traits and gain in the aggregate 
ND 761 than those using the same 
indices in Gene Pool 11. The desired gain index was most efficient for 
improving the aggregate genotype of multiple disease resistance and 
agronomic traits by using the IDA8 selection strategy (Table 17). 
Index coefficients for all indices used in ND 761 are presented in 
Appendix J. Smith-Hazel and restricted selection indices resulted in a 
negative response for SDWT in most of the indices constructed for ""4 0 
761. These two ind ices were also least efficient in improving aggregate 
TABLE 16: Predicted gains (genetic standard deviation) and the aggregate genotype for diseases and agronomic traits from 
selection (101 selection Intensity) a110ng Sl fa11II les of Gene Pool II by using nine selection strategies and 






































































Phoma AUDSEP AUDSCL 
-0.630 -0.988 -0.623 
-0.429 -1. 093 -0. 539 
-0.822 -0.394 -0.573 
-0.624 -0.994 -o. 626 
-0.429 -1.094 -0.539 
-0.820 -0.393 -0.572 
-o. 620 -0.994 -0.630 
-0.423 -1.095 -0.538 
-0.821 -0.393 -0.572 
-0.631 -0.877 -0.637 
-0.420 -0.968 -0.556 
-0.852 -o. 540 -0.594 
-0.625 -0.844 -0.640 
-0.420 -o. 969 -0.557 
-0.851 -0.541 -0.593 
-0.621 -0.884 -0.644 
-0.414 -0.969 -0.556 
-0.850 -0.540 -0.593 
-0.575 -0.877 -0.626 
-o. 373 -0.967 -0.547 
-0.384 -o. 558 -0.662 
-o. 566 -0.884 -0.629 
-0.lH -0.967 -0. 5118 
-0. 383 -o. 557 -0.659 
-0.559 -0.884 -0.633 
-0.363 -0.967 -0.5116 

















































































































*Slll =Smith-lla zel index, RSI= Hestricted selection index and OCI= Desired gain index. 













































































6 . 092 (7. 20 7) 
6. 114 
3.668 






AUOALT, AUOSEP and AUOSCL= Area under disease progress curve of percent Alternarla leaf blight, Septoria leaf spot and 
Sc1eroti11ia wi It respectively. Pho11a = Pho11a black stem disease 11easured on a o to 5 scale with o as most resistant, 
llllWT• llead weight (911), SDWT= 200-seed weight (911). 01 I= Oi I content Ii), YLD= Yield/ha (kg), flWR= Days to flower 




TABLE  1 7 :  P red i c ted ga i n s ( genet i c  s tanda rd dev i a t i on )  a nd the agg rega te genotype fo r d i sea ses  a nd a g ronom i c  t ra i t s f rom  
se l ec t i on ( 1 0% se l ec t i on i n tens i ty )  among S l  fam i l i e s o f  N D  76 1 by  u s i ng n i ne se l ec t i on s t ra teg i e s a nd th ree  
types of se l ec t i on i nd i ce s .  
Se l ec t i on 











S I i i 
RS I 
OG I 
SI i i 
RS I 
OG I 
SI i i 
RS I 
OG I 
S I i i 
RS I 
OG I 
S I i i 
RS I 
OG I 
Sl t l 
RS I 
OG I 
Sl t l 
RS I 
OG I 
S I i i 
RS I 
UG I 




- 0 . 999 
- 0 . 760 
-0 . 474 
- 1 . 005 
-0 . 763  
-0 . 5 37  
- 1 . 0 1 0  
-0 . 7 7 1  
- 0 . 5 35  
- 1 . 1 3 5 
-0 . 740 
-0 . 505 
- 0 . 962 
- 0 . 711 3 
- 0 . 54 1 
-0 . 967 
-0 . 752 
-0 . 539  
-0 . 964 
-0 . 75 1 
-0 . 732  
- 0 . 970 
- 0 . 753  
-0 . 9 1 6  
-0 . 9  
-0 . 764 
-0 . 9 1 3  
P r  I ma ry t ra I t s 
Phoma AUOSEP AUDSCL 
-0 . 393  -0 . 996 - 0 . 987 
-0 . 3 1 0  -0 . 8 3 3  - 0 . 977  
-0 . 674 -0 . 409 -o . 1 88 
- 0 . 398 - 1 . 005 -0 . 99 1  
-0 . 3 1 6  -0 . 827 -0 . 982 
-0 . 763  - 0 . 463 -0 . 2 1 3  
- 0 . 392 -0 . 995 - 0 . 979 
-0 . 3 1 4  -0 . 8 1 9  - 0 . 974 
-0 . 76 1  -0 . 462 -0 . 2 1 2  
- 0 . 208 -0 . 86 1  -0 . 727 
-0 . 326 -0 . 768 - 0 . 977 
-0 . 7 1 8  -0 . 367 -0 . 200 
-0 . 4 1 5  - 0 . 877 -0 . 993  
- 0 . 3 3 3  - 0 . 760 - 0 . 982 
- 0 . 769 -0 . 4 1 3  -0 . 2 1 4  
- 0 . 408 -0 . 860 - 0 . 979 
-0 . 3 30 -0 . 748 -0 . 972 
-o . 767. -0 . 4 1 7  -0 . 2 1 4  
- 0 . 296 -0 . 879 -0 . 97 1  
-0 . 2 1 6  -0 . 777 -0 . 960 
0 . 003 -0 . 6 1 0  -0 . 290 
-0 . 3 0 1  -0 . 89 1  - 0 . 976 
-0 . 2?3  -0 . 770 -0 . 96'j 
0 , 0 1]  - o . non - O . J 6 .I 
-0 . 285 - 0 . 873  - 0 . 958 
-0 . 2 1 6  -0 . 756 -0 . 953 
0 . 0 1 3  -0 . 8 1 5  - 0 . 362 
HOWT SDWT - - - - - - - - -
0 . 1 7 7 - 0 . 1 90 
0 . 358 - 0 . 066 
o .  1 97 0 .  1 7 3 
0 . 1 32 - 0 . 1 76 
0 . 325 - 0 . 053  
0 . 282 0 . 1 96 
0 . 1 39 - 0 . 078 
0 . 3 3 1  0 . 007 
0 . 279 0 . 1 39 
0 . 429 0 . 07 1  
0 . 348 - 0 . 053  
0 . 209 0 . 1 84 
o .  1 7 1  
0 . 3 1 3  
0 . 272 
- o .  1 62 
-0 . 038  
0 .  1 97 
0 . 1 80 - 0 . 052 
0 . 3 1 9  0 . 0 3 5  
0 . 270 0 . 1 72 
0 . 226 - 0 . 1 73 
0 . 359 - 0 . 0 5 1  
0 . 304 0 . 267  
0 .  1 8 1  - o .  1 60 
0 .  325 -o . 0 3 7 
0 . 4 78 u .  3 ] /1 
0 .  1 9 1  
0 . 3 32  
0 . 479 
- 0 . 0 36 
0 . 045  
0 . 284 
O I L  
0 . 363  
0 . 50 1  
0 . 5 1 6  
0 . 364 
0 . 504 
0 . 584 
0 . 37 1  
0 . 506 
0 . 582 
0 . 302 
0 . 46 3  
0 . 549 
0 . 329 
0 . 465 
0 . 589 
0 . 3 3 5  
0 . 466 
0 . 587 
0 . 329 
0 . 463  
0 . 797  
0 . 3 30 
0 . 11 65  
U . 997  
0 . 3 3 7  
0 . 466 
0 . 993  
YLD 
o. 3 59 
0 . 544 
0 .  367  
0 . 3 3 1  
0 . 520 
0 . 4 1 6  
0 . 347 
0 . 528 
0 . 4 1 5  
0 . 628 
0 . 54 1  
0 . 3 9 1  
0 . 3 5 1  
0 . 5 1 5  
0 . 4 1 9  
0 . 3 70  
0 . 525 
0 . 4 1 8  
0 . 392  
0 . 552 
0 . 567 
0 . 363  
0 . 527 
0 . 7 1 0  
0 . 386 
0 . 538  
0 . 707  
*SI I I - Sm i UHta ze l I ndex , RS I = Re s t r i c ted se l ec t i on i ndex and OG I =  De s i red ga i n  I ndex . 
#Agg rega te geno type I n  pa ren t hes i s  we re summed f rom p red i c ted ga i n s of p r i ma ry t ra i t s .  
Seconda ry t ra i t s ---- - - - - - - - - - Agg rega te 
geno type# FLWR PLHT 
0 . 244 
0 . 0  
0 . 0  
0 , 225 
0 . 0  
0 . 0  
o .  1 98 
0 , 0  
0 . 0  
0 . 295 
o . o  
o . o  
0 . 272  
0 . 0  
0 . 0  
0 . 244 
0 . 0  
0 . 0  
0 . 279  
0 . 0  
0 . 0  
0 . 260  
0 . 0  
0 . 0  
0 . 228 
0 . 0  
0 . 0  
- 0 . 1 8 1  
0 . 0  
0 . 0  
- 0 . 2 1 2  
0 . 0  
0 . 0  
- 0 . 222 
0 . 0  
0 . 0  
- 0 . 069 
0 . 0  
0 . 0  
-o . 1 03 
0 . 0  
0 . 0  
- o .  1 09 
0 . 0  o . o  
- 0 . 078 
0 . 0  
0 . 0  
- o . 1 1 1  
0 . 0  
0 . 0  
- - - ------
3 . 659 ( 4 . 084 ) 
4 . 2 1 7  
2 . 998 
3 .  6 1 3 ( 4 .  050 ) 
4 .  1 84 
3 . 454 
3 .  7 3 5  ( 4 .  1 55 )  
4 . 250  
3 . 385  
3 . 99 7  ( 4 . 36 1 ) 
4 .  1 1 0 
3 .  1 2 3 
3 . 56 1  ( 3 . 93 6 ) 
4 . 07 3  
3 . 4 1 4  
3 . 694  ( 4 . 047 ) 
4 . 1 47 
3 . 384 
3 . 52 7  ( 3 . 884 ) 
4 . 027  
3 . 564 
3 .  48 1 ( 3 .  852 ) 
3 . 99 1  
4 . 6 1 9  
-0 . 1 1 8  3 . 625 ( 3 . 97 1 ) 
0 . 0  4 . 070  
0 . 0  4 . 540 
AUDALT , AUOSE P a nd AUDSC L= A rea und e r  d i sea se p rog ress  c u rve of pe rcent  A l te rna r i a  l ea f  b l i g h t ,  Septo r i a  l ea f  spot  a nd 
sc l o ro t i n i a  w i l t  re spec t i ve l y . Phoma= Phoma b l a c k  s tem d i sea se mea s u red on a O to 5 sca l e  w i th O a s mo s t  res i s ta n t ,  
I I IJW T= l lead we i gh t  ( gm ) ,  SDW T=  200- seed we i ght  ( gm ) ,  O i  I = O i  I content ( % ) , YLD= Y i e l d/ ha ( kg ) .  F LWR= Oays t o  f l owe r 







genotype of resistance and agronomic traits when selection was for four 
( IDA8) or five ( IDA9) traits simultaneously, but were most efficient in 
improving AUDSCL resistance. Desired gain indices were most efficient 
in improving 01 L and SDWT. Smith-Hazel indices were most effective 
for improving predicted gains in AUDAL T, AUDSEP and AUDSCL but 
resulted in an undesirable increase in PLHT. 
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DISCUSSION 
A major purpose of this paper is to predict progress from Sl 
family index selection in Gene Pool 11 and ND 761 sunflower populations. 
In a plant breeding program, initial selection and evaluation are 
typically in the SO or Sl generation. A review of the literature on 
recurrent selection in sunflower indicates that either Sl or test cross 
evaluation are effective in improving sunflower populations (8). The 
purpose of recurrent selection is to increase the frequency of desirable 
homozygous Ii nes that can be derived from the improved population. 
The selection strategy chosen to improve a population should 
be one that maximizes the economic value of the derived inbred lines. A 
review of the trait means of Gene Pool If and ND 761 suggests that a 
decrease in disease susceptibility and an increase in yield and its 
components would be desirable. Therefore the economic values and 
desired gains for the selection indices were set at values that reflect 
this relationship. Greatest gains in aggregate genotype for multiple 
disease resistance were produced by the Smith-Hazel index by selection 
for four diseases simultaneously in both populations . . Therefore multiple 
disease resistance is predicted to respond readily to selection. 
However, the gain in aggregate genotype for multiple disease resistance 
is only slightly reduced in both populations when selection was focused 
on resistance to two diseases (AUDAL T and AUDSCL) simultaneously. 
The significant positive genetic correlations between AUDAL T and 
� ....... 
AUD SE P  in both populations suggest that selection for one wi l l  result in 
gains in the other. Use of the 1D3 selection strategy would be easier 
for multiple disease resistance when compared to selection for resistance 
to all four diseases in the breeding program, and would certainly 
reduce cost and time. Moreover, simultaneous selection for reduced 
AUDA LT and AUDSCL (1D3) resul ted in desirabl e  predicted gains in 
P h oma and AUD S E P  as well. This strategy can be h elpful in situations 
where first attention mig h t  be given to improving disease resistance 
until an acceptabl e  level is ach ieved. 
Selection for agronomic components, if desired , can be 
included in a separate sel ection scheme . I n  our study, predicted gains 
in the ag gregate genotype of agronomic traits were g reatest when 
selection was based on the Smith-Hazel index for three agronomic traits 
( I A2) simu ltaneous ly in Gene Pool 11 , and selection for four agronomic 
traits (IAl ) simultaneousl y  in ND 761 . However simul taneous se lection 
of three traits ( I A2) using the Smith-Hazel index in ND 761 resul ted in 
only a s I ig h t  decrease (0. 02 1 )  in ag gregate genotype of agronomic traits 
compared to I A1. The restricted selection index and the desired gain 
index were effective in control l ing the predicted gain for secondary 
traits ( Plant h eig ht and days to fl ower) . I n  both populations , the 
desired gain index did increase predicted gain for O I L. The desired 
gain index described by Pesek and Baker (29) restricts responses in 
individual  traits to a fixed proportion of the responses specified by the 
desired gain vector. Ag gregate genotypes of agronomic traits from 
predicted gains of primary traits alone in both popul ations indicated 
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that selection based on the Smith-Hazel index for four agronomic traits 
( I A  1) simultaneously was the most efficient, but inclusion of four traits 
in the index may not be justified, since there are only slight decreases 
in aggregate genotypes when selection was focused on three traits ( I A2) 
or only two traits ( I A3) simultaneously. I n  such cases it's appropriate 
to use the Smith-Hazel index with I A3 strategy in both populations. 
Use of I A3 strategy in Gene Pool 11 slightly decreases the gain for Y LD 
and its components but increases gain in O I L  compared to I A2. This 
index also reduces the number of traits to be used in a breeding 
program. Similarly, use of the Smith-Hazel index with I A3 in ND 761 
resulted in a slight decrease in predicted gain compared to I A2, but the 
decrease in gain for SDWT is comparatively high in this index. 
However, SDWT is a secondary trait, when selection is focused on 
improvement of Y LD itself. 
The development of selection strategies for yield and its 
components along with multiple disease resistance is another objective of 
this paper. Selection strategies with different types of indices in Gene 
Pool 11 indicated that the Smith-Hazel index was the most efficient in 
improving gain in aggregate genotype of multiple disease resistance, 
yield and its components when resistance to all four diseases, and three 
agronomic traits ( I DA2) were included in the index. The restricted 
selection index was intermediate and the desired gain index the least 
efficient index for these selections, but were effective in controlling 
correlated responses of the secondary traits included in the indices . 
I ndices that incorporate more traits will be slower in improvement for 
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any given trait. This is because inclusion of many traits in the 
selection index results in smaller predicted gain for each individual 
trait. Therefore, indices with many traits are of little value compared 
to those with fewer traits. I n  this study, the Smith- Hazel index I DA9 
whi ch includes two disease as wel l as two agronomic traits is suitable 
for Gene Pool II compared to IDA2. This index (IDA9) is free from the 
problems associated with the inclusion of a large number of traits, and 
appears applicable in a breeding program for improvement of Gene Pool 
1 1. Aggregate genotype of multiple disease resistance and agronomic 
traits summed from predicted gains of primary traits alone by the 
Smith-Hazel index in G ene Pool 11 indicated IDA 1 was the most eff i cient 
i ndex. Again this index involves many traits and consequences of this 
type of index have already been discussed. 
The desired gain index was most efficient in improving 
predicted gain in the aggregate genotype of mul tiple disease resistance 
and agronomic traits when three agronomic and two disease traits 
( I DA8) were incl uded in a ND 761 sel ection scheme. The desired gain 
index was also the most efficient index for simpl e  se l ection of resistance 
to two diseases and two agronomic traits ( I DA9) simultaneously in ND 
761. H owever, both sel ection strategies resulted in undesirable gains 
(susceptibility ) for Phoma but were effective in improving the remaining 
primary traits . Therefore the choice of IDA9 selection strategy woul d  
be warranted since it involves fewer traits. 
Based on predicted gains from S1 family selection it appears 
that use of the Smith-Haze l index with simul taneous sel ection of 
8 7  
resistance to AU DALT and AUDS C L  is effective in improving these 
populations for disease resistance . Thi s  index is also efficient in 
improving gain for agronomic traits by simultaneous selection for 01 L 
and Y LD in Gene Pool 11 and ND 761 . Selection strategies involving 
disease resistance and agronomic traits sug gest simultaneous selection of 
resistance to AU DALT and AUDS C L, 01 L, Y LD by the Smith-Hazel and 
the desired gain index in Gene Pool 11 and ND 761 respectively . The 
current practice towards the development and use _ of single cross 
sunflower hybrids demands development of productive inbred lines . By 
use of these indices, these populations may be a source for deriving 
l ines with high yield, i ts components, a·nd disease resistance. 
The superiority of indices over other methods of selection and 
the correctness of the estimated superiority of one index over another 
are greatly dependent upon accurate estimates of genotypic and 
phenotypic variances and covariances, and the re lative economic values 
or desired gains to be used in the index. Their successful application 
to compl ex multiple-trait improvement also depends on the judgement of 
the breeder . The genotypic and phenotypic variances and covariances 
may be different when considering indexes for populations derived from 
different sources or for different cycles of selection I n  the same 
population . Therefore indices constructed in this paper pertain only to 
these_ populations under study. I n  our study, data used to cal cu late 
resistance to A U  DA LT, A UDS E P  and AUDS C L  must be collected on 
wee k l y  basis, and se lection is usual l y  based on experiments planted in 
one location. Therefore estimates of genetic parameters used to 
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construct selection indices are biased by genotype x environment 
interactions. Thereby errors in estimating genetic parameters can 
seriously affect the accuracy of an index and such reports are in the 
literature (16, 19 , 27) . 
If further restrictions on days to flower and plant traits in 
these populations are desired in the later cycles of selection with the 
assumption that there will be no change in genotypic and phenotypic 
variances , then expected changes in population parameters will be slow 
and reconstruction of the index is not required after each cycle of 
selection. Averaging estimates from different cycles of selection will 
minimize sampling errors and provide an appropriate index for that 
cycle of selection as proposed by Suwanta radon et al. (36). However 
inclusion of new primary traits in later cycles of selection will 
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Estimates of genetic variance, environmental variance and heritability 
among S1 families of Gene Pool 11 in 1982 and 1983. 
Environmental 
Genetic variance variance Heritability 
Traits# 1982 1983 1982 1983 1982 1983 
AUDALT 284 79. 84*"' 52660. 65•'•* 13912.90 14767.26 0.67+ 0. 78+ 
Phoma 0. 091dr 0. 061:>': 0.17 0.06 0.34+ 0.50+ 
AUDSEP 4345. 3 7-f--:: 3331. 46•':-f: 4173.98 2840.00 0.51+ 0.54+ 
AUDSCL 32856. 89>'~ 64319.37* 77315.67 185502. 91 0.30+ 0.26 
FLWR 3. 39.,.,..., 5. 27>'n'< 0.45 0. 76 0.88+ 0.88+ 
PLlIT 122 . 72*1• 14 7. 11•'•* 10.58 15 . .53 0.92+ 0.91+ 
HDIA 0. 991r1: 0. 82'''* 0.37 1.63 0. 73+ 0.34+ 
HDWT 49. 78*1• 49. 56-frl: 14.99 62 . .57 0. 77+ 0.44+ 
SDWT 1. 20>'ti: l.90~ 0.28 1. 32 0. 81+ 0.59+ 
SDPHD 22543. 44*1' 20651. 40>':it 6417.83 17019.6.5 0. 78+ 0.55+ 
OIL 4. 62•'<* 2.01** 1. 37 2.19 0. 77+ 0.48+ 
YLD 54015. 35.,.,,•, 22941. 33>'ri<' 9359.52 12398.43 0.85+ 0.65+ 
OYLD 13253.87** 5850. 33 ..... ·, 1986.44 0.0 0.87+ 1.00+ 
*,** Significant at 0.05 and 0.01 probability levels, respectively. 
+ Heritability differ significantly from zero as its absolute magnitude 
exceeded twice its standard error. 
#AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, percent Septoria leaf spot and percent 
Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured 
on a Oto 5 scale with Oas most resistant, FL~R= Days to flower, PLHT= 
Plant height (cm), HDIA= Head diameter (cm), HD\\T= Head weight (gm), 
SDWT= 200-seed weight (gm), SDPHD= Seeds per head, OIL= Oil content (~), 
YLD= Yield/ha (kg) and OYLD= Oil yield (kg/ha). 
95 
APPENDIX B 
Estimates of genetic variance , environmental variance and heritability 
among S1 families of ND 761 in 1982 and 1983. 
Environmental 
Genetic variance variance Heritability 
Traitstl 1982 1983 1982 1983 1982 1983 
AUDALT 16724. 62*"' 33132. 84M: 8629 .11 12443.21 0.66+ 0.73+ 
Phoma 0.131:>': 0.03* 0.12 0.06 0.52+ 0.30+ 
AUDSEP 1633.61* 2685. 84i:-k 3192.17 2009.86 0.34+ 0.57+ 
AUDSCL 30023. 30>': 171032. 41>'•* 41102. 22 226464.74 0.42+ 0.43+ 
FLWR 5. 65>':>': 7.76i:* 0. 72 0.54 0.89+ 0 . 94+ 
PLHT 153. 6 l•h': 133. 09>':'1\- 13.86 15. 49 0.92+ 0.90+ 
HDIA 0. 6 l•h': 0. 6 71ri: 0.32 0.90 0.66+ 0.43+ 
HDWT 22. 04'1:-k 22. 13,\- 12.45 64.23 0.64+ 0.26 
SDWT 0. 62fa\- 1. 84*>': 0.14 0. 74 0.82+ 0. 71+ 
SDPHD 15596. 28•':* 21392. 551..,., 5262.08 23425.88 0. 75+ 0.48+ 
OIL 2. 95,•rn 3. 14,·rl: 1. 27 2.36 0. 70+ 0.57+ 
YLD 26871. 7l>h': 10037. 23>'rlt 9660.94 15822.85 0. 74+ 0.39+ 
OYLD 4872. 87>'n': 5184. 73*>\- 1827.63 0.0 0. 73+ 1. 00+ 
*,,......, Significant at 0.05 and 0.01 probability levels, respectively. 
+ Heritability differ significantly from zero as its absolute magnitude 
exceeded twice its standard error. 
t;AUDALT, AUDSEP and AUDSCL= Area under disease progress curve of percent 
Alternaria leaf blight, percent Septoria leaf spot and percent 
Sclerotinia wilt respectively. Phoma= Phoma black stem disease measured 
on a Oto 5 scale with Oas most resistant, FLwR= Days to flower, PLHT= 
Plant height (cm), HDIA= Head diameter (cm), HDWT= Head weight (gm), 
SDWT= 200-seed weight (gm), SDPHD= Seeds per head, OIL= Oil content(%), 
YLD= Yield/ha (kg) and OYLD= Oil yield (kg/ha) . 
.. 
APPENDIX C 
Esti11ates of genetic (above diagonal) and phenotypic (below diagonal) correlatton coefficients of Gene Pool II population In 















AUOALT AUOSEP AUOSCL FLWR PLHT 
0. 353 
0.094 
0.881* 0.652* -o. 150 -0.244 













0.372 -0.026 -0.082 







-0. 116 -o. 146 -0.017 -o. 151 
-0. 140 -0.023 -0.042 -0.200 
-0.192 -0.225 -0.056 -0.106 
-0. 130 -0.163 0.064 -0.090 
-0.295 -0.202 





HDIA HDWT SOWT SOPHO Oil YLO OYLD 
-0.395* -0.402* -0.202 -0.326 -0.208 -0.534* -0.517* 
-0.418 -0.424* -0.365* -0.155 -0.005 -0.419* -0.303* 
-0.184 -0.356 -0.158 -0.321 -0.449 -0.456 -0.476 
-0.232 -0.378 -0.301 -0.157 0.078 -0.060 -0.033 
-0.509* -0.462* -0.210 -0.404* -0.181 -0.383* -0.374 
-0.053 0.005 -0.211 o. 155 -o. 183 -0.225 -0.204 
-o. 125 -0.334 -0.258 -0.209 -0.240 -0.433 -0.430 
0.293 -0.030 0.094 -o. 129 0.116 -0.036 -0.012 
0.263 
o. 185 
0.128 -o. 134 







0.643* 0.612* 0.253 0.567* 0.378* 0.700* 0.688* 
0.570* 0.719* 0.144 0.594* -0.064 0.291 0.203 
-o.276 -0.092 -0.310 -0.058 0.225 
0.083 
0.503 0.990* 0.605* 0.965* 0.343 1.048* 0.993* 
-0.214 -0.095 -0.022 0.086 0.306 0.776* -0.058 0.719* -0.258 0.573 0.396 
-0.289 -o. 182 -0.289 -0.160 
-0.249 -0.178 0.002 -0.010 
0. 111 
0.277 
-0. 149 -0.083 -0 . 135 -o. 127 -o. 121 
-0.248 -o. 163 -o. 119 0.037 -o. 113 
-0.236 -o. 165 -0.254 -0. 101 0.232 







-o. •~o -o.230 -0.114 -0.115 0.038 0.33~ 
-0.003 0.038 -0.093 0.041 -0.056 -0.017 
-0.404 -0.246 -0.252 -0.218 0.259 0.624 
-0.298 -0.034 -0.133 -0.015 0.022 0.223 
-0.395 -0.259 -0.249 -0.219 

















0.685* 0.847* 0.513* 1.009* 0.988* 
0.399 0.654* -0.014 0.680* 0.552* 
0.624 0.064 0.252 0.541* 0.516* 
0. 444 -o. 432* 0. 060 0. 606* 0. 470* 
0.825 0.023 0.434* 0.896* 0.878* 



























•correlatlo11 coefficie11ts differ significantly fro11 zero as its absolute 11agnitude exceeded twice its standard error. 
#AUl>AI T, AUl>SEP and AUOSCL= Area under disease progress curve of percent Altemaria leaf bl lght, percent Septorla leaf spot and 
perco11t Scleroti11ia wilt respectively. Pho111a= Pho11a black ste11 disease 1118asured on a Oto 5 scale with Oas 11ost resistant, 
FIWH= Days LO flower, Pl Ill .a Plant height (c11). HOIA= llead dia11eter (c11), HOWT= Head weight (911), SOWT= 200-seed weight (911), 
SOPII~ Seeds per head, OIL= Oi I content (SI. YLD= Yield/ha (kg) and OYLO= Oi I yield (kg/ha). 
APPEND I X  0 
s t i ma te s  o f  gone t i c  ( a bove d i agona r )  a nd phenotyp l c  ( be l ow d i agona l ) co r re l a t i on coeff i c i en t s  o f  NO 76 1 popu l a t i on i n  1 962  
( top f i g u re )  and 1 963  ( bo t tom f i g u re ) .  






PL I I T  
I IO I A  
I I DW T  
SOWT 
SDPI ID 




0 .  1 1  
0 . 06Lt 
0 . 50 1  
0 . 274 
Phoma 
0 .  1 9 7  
-0 . 003  
0 . 046 
0 . 0 1 2  
AUDSE P AUDSCL FLWR PLHT 
1 . 060* 0 , 273  -0 . 004 0 . 40 1 *  
0 . 425* 0 . 1 55 - 0 . 497* 0 . 1 55 
0 .  1 1 4 
0 . 026 
0 . 576* -0 . 074 0 .  1 1 5 
0 . 47 1  - 0 . 435  -0 . 2 1 0  
-0 . 003 0 . 097 
0 . 520* 0 . 1 27 
0 . 649* 
0 . 565* 
HD I A  HDWT SOWT 
0 . 1 90 0 . 236 -0 . 223  
0 . 239  -0 . 007  -0 . 0 1 6  
0 . 328 
0 . 588 
0. 1 97 
0 . 3 0 1  
0 . 2 1 2  
0 . 256 
SOPHD O I L  YLD OYLD 
0 . 366 -0 . 208 0 . 1 55 0 . 098 
0 . 0 1 4  0 . 069 - 0 . 24 1  -0 . 1 2 1  
0 . 038  0 . 1 4 1  
0 . 072 -0 . 2 1 6  
0 . 294 0 . 329 
0 . 1 1 3  -0 . 006 
0 . 427  
0 . 020 
0 . 394* - 0 . 070 0 . 420 - 0 . 3 1 8  0 . 3 3 2  0 . 257 
0 . 069 0 . 228 -0 . 1 5 1  - 0 . 345  -0 . 289 - 0 . 2 1 4  
0 .  1 4 Lt 0 . 270 0 . 1 00 -0 . 094 0 . 089 0 . 426 0 . 3 1 6  0 . 1 02 0 . 1 9 1  0 . 1 09 0 . 4 3 4  0 . 442 
0 . 087 0. 1 66 0 . 379 -0 . 052 -0 . 002 -0 . 222 0 . 079 0 . 300 -0 . 253  - 0 . 236  - 0 . 069 - 0 . 094 
-0 . 003 -0 . 050 
-0 . 1, 1 0  -0 . 229 
0 . 053  -0 . 058 0 . 543*  -0 . 087 
0 . 093 -0 . 03 3  0 . 42 1 *  -0 . 1 1 1  
0 . 06 1  -0 . 27 5  0 . 1 9 1  -o .  1 28 -0 . 066 -0 . 087 
0 . 059 - 0 . 270* 0 . 264 -0 . 352* - 0 . 294 - 0 . 1 90 
0 . 3 1 2 0 . 079 
0. 1 25 -0 . 1 08 
0 .  1 25 0 .  1 92 
0 .  1 3 3 0 . 209 
0 . 362 0 . 056 0 . 466 
0 . 404 -0 . 00 1  0 . 392 
0 . 20 1  0 . 226 -0 . 048 
0 . 0 1 0  -0 . 095 - o .  1 3 3 
o. 1 57 
0 . 0 1 8  
0 . 1 5 3 
-0 . 003 
0. 1 1 3  0 . 1 8 3  0 . 1 64 0 . 065 0 . 363  
-0 . l 6t1 
-0 . 0 1 1  
0 . 083  0 . 026 
0 .  1 38 -0 . 0 3 
0 . 1 1 8 0 . 1 45 
0 . 026 -0 . 022 0 . 239  
0 . 060 -o . 1 9 3  0 .  1 53 
0 .  1 66 -0 . 253  - 0 . 099 
O . ?� I  0 . 023 0 . 2 1 1 0 . 1 0 7 0 . 1 66 0 . 272 
0,  U08 0.  027 -0. 079 -0 . 1 1 5 I I .  1 �0 I I . 2911 
-0 . 1 4 1  0 . 085 - 0 . 1 55 0 . 059 - 0 . 1 25 0 . 04 3  
0 . 058 -0 . 089 -o . 1 97 -0 . 1 1 7 -0 . 250 -0 . 00 1  
0 . 1 08 0 . 1 8 1  0 . 1 65 0 . 242 -0 . 053 0 .  3 1 7  
0 . 047 -0 .  1 28 0 . 038 -0 . 1 36 - 0 . 036 -0 . 1 77 
0 . 068 0 . 202 0 . 1 28 0 . 24 5  - 0 . 073 
-0 . 1 03 - 0 . 003 -o . 1 62 -0 . 06 1  -0 . 1 83 
0 . 3 1 3  
0 . 057  
0 . 208 
0 . 035  
0 . 467 0 . 1 92 0 . 309 -0 . 005 0 . 3 52 0 . 3 39 
0 . 492 -0 . 1 25 0 . 4 36* 0 . 0 1 1 0 . 080 0 . 060 
1 . 540* 1 . 1 75* 1 . 5 1 5* 0 . 1 5 3 1 . 446* 1 . 36 3*  
0 . 250* 0 . 0 1 1 0 . 1 3 7 -0 . 3 38 - 0 . 007 -0 . 1 59 
0 . 897 
0 . 496 
0 . 559 
0 . 224 
0 . 764* 1 . 057*  0 . 096 
0 . 000 0 . 597* 0 . 040 
0 . 566 0 . 057  0 . 379 
0 . 202 -0 . 786* 0 . 004 
0 . 9 3 1  0 . 9 1 /t -0 . 059 -0 . 067  
0 . 3 10 U ,  /� I -0 . l160 -0 . 02 3  
0 . 0 1 5  0 . 093  0 . 269 - 0 . 029 
- 0 . 203 -0 . 023 - 0 . 006 -0 . 0 1 9  
0 . 956 
-0 . 003 
0 . 690 
- 0 .  1 04 
0 . 9 1 8  
0 . 1 7 3 
0 . 696 
0 .  1 3 Lt 
0 . 5 1 9  
0 . 046 
0 . 554 
0 . 039  
0 . 73 1  
o. 1 59 
0 . 66 3  
0 .  1 24 
0 . 04 1  
0 .  1 1 5 
0 . 30 1  
0 . 393  
1 . 2 1 8* 1 . 1 68* 
0 . 548 0 . 265  
0 . 7 Lt 1 *  0 . 7 78* 
0 . 08 7  0 . 046 
0 . 935*  0 . 855* 
0 . 369 0 . 1 79 
0 . 070 0 . 3 24 
0 . 24 4  0 . 520* 
1 . 0611 
1 . 048 
1 .  1 89* 
1 . 682* 
*Co r ro l a L i on coe f f i c i en t s  d i f fe r  s i gn i f i can t l y  f rom ze ro as i t s a b so l u te ma gn i tude exceeded tw i ce i t s s t a nda rd e r ro r .  
/IAUDAI T ,  AUOSl P and AUDSCL= A rea unde r d i sea se p rog re ss  cu rve o f  pe rcent  A l te rna r i a  l ea f  b l i gh t ,  pe rcent  Sep to r i a  l ea f  spot  a nd 
po rcon t Sc l o ro t i n i a  w i l t  re spec t i ve l y .  Phoma= Phoma b l ac k  s tem d i sea se mea su red on a O to 5 sca l e  w i th o a s  mo s t  re s i s t a n t ,  
FL WR Days to  f l owe r ,  PUI T - P l a n t  he i g h t  ( cm ) ,  HD I A= Head d i a me t e r  ( cm ) ,  HDWT= Head we i g ht  ( gm ) ,  SDWT= 200 - seed we i gh t  ( gm ) ,  
SDP IID Soed s pe r t,ea d ,  O I L"" O i  I content ( % ) ,  YLO= Y i e l d/ha ( kg )  a nd OYLO= O i  I y i e l d  ( kg/ha ) .  \.0 " 
[ 
APPENDIX E 
t sti11111tes of genetic (above diagonal) and phenotypic (belw diagonal) covariances of Gene Pool I I population during the year 
1982 ( top figure) and 1983 (bot to• figure). 
- ....... ..,_ ~-►- __ ,.,._ - .. - • ........ • ... -· •• ... • -----.......... ----· ..... lit •• -- -i • - .. - -- -- ... - - --- -- - - - - - -- -- --- -- -- - --- - - - - - - -- - -- -- - -- --- - - ------ - - -- -
Traits' AUOALT 
AUOALT 
AUDSEP AUOSCL FLWR PLHT HDIA HOWT SOWT SDPHD Oil YLO OYLO 
17.52 9799.96 19933.70 -46.59 -455.52 -66.48 -478.03 -37.21 -8264.46 -75.46 -20952.30 -10043.40 
5.27 6909. 12 -6439. 12 -89.14 -431.11 -86.83 -685.41 -115.50 -5115.69 -1.56 -14549.50 -5319.48 
PIIOMA 
AUOSEP 












-o. 14 -1.31 -0.05 -0.74 -0.05 -14 .17 -0.28 -31.21 -16. 15 
-0.02 -0.72 -0.05 -0.65 -o. 10 -5.50 0.03 -2.23 -0.61 
-3.15 -59.84 -33.44 -214.67 -15. 15 -3995.69 -25.61 -5864.36 -2834.78 
-8. 13 64.16 -2.76 1.99 -16.80 1284. 10 -15.00 -1969. 13 -898.73 
AUOSCL 19933.70 10. 19 6200. 13 
-6439. 12 25.45 3956. 18 
-98.38 -405.31 -22.57 -427.02 -51.07 -5690.47 -93.50 -18235.90 -8965. 12 










-116.59 -o. 14 -3. 15 -98.38 
-89. 14 -0.02 -8. 13 -245.04 
-455.52 -1.31 -,9.84 -405. 31 
-431.11 -0.72 64. 16 -570.49 
-66.48 -0.05 -33.44 -22.57 
-86.83 -0.05 -2.76 67.28 
-478.03 -0.74 -214.61 -427.02 
-685.41 -0.65 ' 1.99 -52.59 
-37 .21 -o. 05 -15. 15 -51. 07 





























-0.27 75.73 0.23 
-0.51 175. 73 -0.25 
3.07 942.55 9.00 

































-8264.11(, -111.17 -3995.69 -5690.47 77.40 971.19 149.46 1129.20 4.66 140.00 31252.39 15170.77 
-5115.69 -5.50 1284.10 -4712.07 182.48 1046.111 155.57 •-91.]4 -93.83 -9.06 4637.29 2067.77 
-I') , 116 -o .28 -25.61 















-20952.30 -31.21 -5864.36 -18235.90 127.47 1813.13 240.61 1746.80 135.99 32873.69 269.57 
-14549.50 -2.23 -1969. 13 -1395. 74 10.30 534.71 78.59 724.71 126.65 4637.29 14.53 
-1oou.110 -16.15 -2834.78 -8965.12 
-5319.48 -0.61 -898. 73 -224.63 
58.20 886.72 112.24 846. 15 
1.61 188.36 27.45 297.00 
64.42 15942.33 178.97 31620.57 





IAUl>All, AUOSfP arid AUl>SCL= Area mder disease progress curve of percent Alternaria leaf blight, perce11t Septoria leaf spot and 
ptirc1111L Scler0Li11ia will. respuctively. Ptiu111a= Ph011a black ste111 disease 111easured on a Oto 5 scale with Oas most resistant, 
HWH Days to flower, Pllll= Plant height (c111), IIDIA• llead dia ■eter (c•). HDWT= Head weight (9111), SDWT= 200-seed weight (g11), 




l sti11ates of genetic (above diagonal) and phenotyplc (below diagonal) covariances of NO 761 population during the year 1982 
(top figure) and 1983 (botto■ figure). 
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9.08 5540.56 6111.81 -1.29 642. 71 19.11 143.02 -22. 70 5910.45 -46.26 3289.62 884.54 
-0.09 4006.14 11686.60 -252. 13 324.75 35.64 -6.14 -3.83 372.99 28.76 -4402.01 -1586.53 
8.81 
5.n 









-o. 19 -o. 38 
0.09 
0.08 
9.36 324.94 13.44 















-2.22 2121.22 -22. 12 2196.37 725.61 
15.99 -1142.42 -31.71 -1502.13 -797.47 
6111.81 35.63 1846. 18 
11686.60 30.43 16372.23 
-38.86 191.93 57.85 257.23 13.90 4137.65 32.59 12325.90 5342.92 
-59.67 -8.86 -75.40 153.26 167.81 -15302.70 -172.69 -3674.63 -2785.17 
-1.29 -0.06 
-2'i2. 13 -0. 19 
6112. "fl 0.51 
3211.75 -0.38 
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r,914),11!, 1.67 2121.22 4137.65 
3/:!.99 1.65 -1142.42 -15302. ·,o 
61.12 508.61 1?.9.21 r,11.85 -1.1111 
91,118 /5 '/,511 112.50 1117'/,85 -156.22 






-0.65 1.14 0.03 
-1.69 -0.02 -0.60 
1. 13 
-0.50 
3289.62 17. 15 2196.37 12325.90 -25.68 783.98 175.66 1030.50 
-111!02 .01 1. 77 -1502. 13 -36711 .63 -81 .94 91. 84 -o. 54 258. 07 
6811.511 8. 18 725.61 53112.92 -15. 14 331.91 69.96 430.53 









































-14.28 19134.76 7450.76 











IAIIOAlf, AIIOSIP arid AUOSCL- Area under disease progress curve of percent Altemaria leaf blight, percent Septoria leaf spot and 
porcc11L Scleroti11ia wl It respectively, Phornaa. Phoma black stein disease ■easured on a Oto 5 scale with O as oost resistant, 
IIWH- Oays Lo flower, Pllll aa Plant height (c11), IIOIAaa llead dia•eter (c■), IIOWTaa Head weight (gm), SOWTaa 200-seed weight (g■), 
SOPUO- Seeds per head, Oil" 01 I content (S). YLOaa Yield/ha (kg) and OYLOaa Oi I yield (kg/ha). 
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AP PEN D IX G 
I ndex coeff ic ients ( b - va l ues ) of fou r  d i seases from select ion 1 among S l  
fami l ies b y  u s i ng th ree select ion strategies a n d  two types of selection 























- 1. 6 1 1  
- 0. 007  
- 1. 633  
-0. 006 
- 1. 666 
- 0. 008 
- 1. 569  
- 0. 007  
- 1. 668  
-0. 0 12 
- 1. 7 02  
- 0. 0 1 2  
Phoma 
GENE POOL I I  
- 123. 940 
-9. 285 
- 1 23. 152  
-9. 238  
0. 0 
0. 0 
ND 76 1 
- 236. 736  
- 1 1. 430 
- 226. 8 8 1  
- 10. 885 
0. 0 
0. 0 
1 Ten percent selection intensity. 
AUDSEP 






- 1. 88 1 





*SHI= Smith-Hazel index and DGI= Desired gain index. 
AUDSCL 
- 0. 5 25 
- 0. 005  
- 0. 5 44 
- 0. 0 05 
-0. 5 5 5  
- 0. 008  
- 0. 7 9 6  
0. 0 0 3  
- 0. 843 
0. 002  
- 0 . 8 6 9  
- 0 . 0 0 1  
AUDALT, AUDSEP and AUDSCL= Area under disease progress curve o f  percent 
Alternaria leaf blight, Septoria leaf spot and Sclerotinia wilt 
respectively. Phoma= Phoma black stem disease measured on a O to 5 
scale with O as most resistant. 
. ) 
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1 0 1 
APPEN D I X H 
I ndex coeff ic ients ( b - val ues ) for s i x  agronomic  traits from selection 1 
among S 1  fami l ies of G P  1 1  a n d  N D  76 1 u s i ng th ree selection strategies 




























6 . 6 7 6  
3 . 1 36  
- 0 . 065 
0 . 0  
0 . 0 
0 . 0 
0 . 0 
0 . 0  
0 . 0 
8 . 3 12 
7 . 65 7  
- 0 . 665 
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0 
0 . 0  
Primary traits 
SDWT 
23 . 2 9 7  
2 1 . 489 
0 . 5 29 
33 . 826 
26 . 5 74 
0 . 25 8  
0 . 0  
0 . 0  
0 . 0  
24 . 9 10 
1 9 . 33 1  
0 . 235 
3 1 .  7 9 6  
26 . 486 
0 . 3 1 7 
0 . 0  
0 . 0  
0 . 0  
O IL  YLD 
GENE POOL I I  
10 . 6 7 3  1 . 3 34 
1 1 .  6 30  1 .  248 
1 . 225 0 . 003  
1 2 . 33 1  
1 2 . 3 1 7  
1 . 182  
12 . 8 7 2  
12 . 436 
1 . 204 
1 . 45 2  
1 . 283  
0 . 00 1  
1 . 5 3 6  
1 .  349 
0 . 003  
ND 7 6 1  
7 . 09 0  0 . 95 9  
4 . 569  0 . 9 2 6  
1 .  282  0 .  0 3 3  
6 . 5 7 7  
4 . 134 
1 .  356  
7 . 506  
4 .  182  
1 .  356  
1 . 1 12 
1 . 055  
0 . 0 12 
1 .  150  
1 . 08 1  
0 . 0 1 3 
1 Ten percent selection intensity . 
Secondary traits 
FLWR 
0 . 0 
38 . 369  
0 . 362  
0 . 0  
3 8 . 366  
- 0 . 144 
0 . 0  
3 2 . 9 2 1  
0 . 2 7 2 
0 . 0  
2 2 . 864 
0 . 654 
0 . 0 
23 . 1 8 3  
0 . 5 7 7  
0 . 0 
1 9 . 843 
0 . 5 45 
PLHT 
0 . 0  
- 1 7 . 33 1 
- 0 . 084 
0 . 0 
- 16 . 49 7  
-0 . 034 
0 . 0 
- 15 . 9 34 
-0 . 09 1  
0 . 0  
-6 . 105  
-0 . 0 24 
0 . 0 
-4 . 9 8 7  
-0 . 09 1 
0 . 0  
-4 . 7 8 7  
- 0 . 0 90  
*SHI= Smith-Hazel index, RS I= Restricted selection index and DG I= 
Desired gain index . 
HDWT= Head weight ( gm) , SDWT= 200 -seed weight ( gm) , O I L= Oil content 
(%) , YLD= Yield/ha (kg) , FL R= Days to flower and PLHT= Plant height 
( cm) . 
AP PEND I X  I 
I ndex coe ff i c i ent� ( b -va l ues ) fo r d i sea ses a nd ag ronom i c  t ra i t s f rom se l ec t i on ( 1 0% se l ec t i on 
I n tens i ty )  a mong S l  fam i l i e s  o f  Gene Poo l I I  by u s i ng n i ne se l ec t i on s t ra teg i e s a nd th ree 
type s of se l ec t i on i nd i ce s .  
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Se l ect i on 
s t ra tegy 

























SI i i 
RS I 
DG I 
S l i t 
RS I 
DG I 






P r  I ma ry t ra i t s  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -
AUDALT Phoma AUDSE P AUDSCL HDWT SDWT 
- 1 . 609 - 1 1 4 . 76 1  - 1 . 1 6 1  -0 . 530  
- 1 . 546 -86 . 695 - 1 . 289 - 0 . 4 74  
-0 . 0 1 2  -9 . 684 0 . 0 1 5  -0 . 007 
- 1 . 6 1 8  - 1 1 9 . 545 - 1 . 1 44 -0 . 530  
- 1 . 54 3  -86 . 447 - 1 . 286 -0 . 474  
-0 . 0 1 2  -9 . 5 1 5  0 . 0 1 5  -0 . 007  
- 1 . 6 30 - 1 23 . 222 - 1 . 1 49 -0 . 527 
- 1 . 5 70 -93 . 488 - 1 . 295 - 0 . 474  
-0 . 0 1 2  -9 . 502 0 . 0 1 5  -0 . 007  
7 . 1 55 1 2 . 872  
0 . 3 36 42 . 1 03 
-0 . 1 04 0 . 03 7  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
24 . 039 
42 . 05 1  
- 0 . 026 
0 . 0  
0 . 0  
0 . 0  
- 1 . 6 3 1  - 1 1 3 . 720 0 . 0  
0 . 0  
0 . 0  
-0 . 550 7 . 094 1 3 . 306 
- 1 . 58 7  -86 . 49 1  
-0 . 009 -9 . 4 1 7  
- 1 . 6 37  - 1 1 8 . 4 37  
- 1 . 584 -86 . 24 3  
-0 . 009 -9 . 238  
- 1 . 650 - 1 22 . 1 7 1  
- 1 . 6 1 2  -93 . 324 
-0 . 009 -9 . 232  
- 1 .  65 1 
- 1 . 602 
-0 . 0 1 0 
- 1 .  659 
· 1 . 600 
- 0 . 0 1 0  
- 1 . 67 LJ 
- 1 . 630  
-0 . 0 1 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
o . o  
0 . 0  
0 . 0  
o . o  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
-0 . 498 0 . 403  42 . 004 
-0 . 00 7  -0 . 1 08 0 . 05 3  
-0 . 549 
-0 . 498 
-0 . 007  
-0 . 547  
- 0 . 498 
-0 . 007  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
24 . 3 56 
42 . 073  
-0 . 0 1 3  
0 . 0  
o . o  
o . o  
-0 . 558 7 . 5 3 1  1 4 . 405 
-0 . 504 0 . 48 7  4 3 . 3 9 1  
-0 . 0 1 0  -0 . 0 1 4  0 . 258 
-0 . 558 
-0 , 5011 
-0 . 0 1 0  
- 0 . 556 
-0 . 504 
-0 . 0 1 0 
0 . 0  
0 . 0  
o . u  
0 . 0  
0 . 0  
0 . 0  
26 . 266  
lt J ,  608 
0 ,  2lt9 
0 . 0  
0 . 0  
0 . 0  
O I L  
6 . 508 
1 3 . 4 1 5  
1 .  04 3 
YLD 
1 .  7 50 
1 . 696 
-0 . 003 
8 . 258 1 . 875  
1 3 .  IJ67 1 , 68 7  
1 , 062 -0 . 006 
8 . 596 
1 3 . 548 
1 .  064 
6 . 9 1 2  
1 4 .  1 08 
0 . 99 1  
8 . 607 
1 4 . 1 68 
1 . 0 1 0  
8 . 964 
1 4 . 270 
1 .  0 1 2  
1 .  929 
1 . 780 
-0 . 006 
1 , 75 1  
1 .  70 1 
-0 . 004 
1 . 874 
1 . 69 3  
- 0 . 006 
1 .  929 
1 . 787  
-0 . 006 
8 . 985 1 . 760 
1 5 .  6 3 7  1 .  704 
1 . 287  -0 . 007 
1 0 . 88 7  1 . 894 
1 5 . 7 1 2  1 . 698 
1 . 289 -0 . 007  
1 1 . 3 5 1  1 . 95 3  
1 5 . 954 1 . 795 
1 .  274 -o . 006 
Seconda ry t ra i t s - - - - - - - - - - - -
FLWR PLHT - - - - - - - - - -
0 . 0  o . o  
1 9 . 328 -25 . 99 1  
-0 . 222 -0 . 07 6  
0 . 0  0 . 0  
1 8 . 899 - 25 . 72 1  
- 0 . 228 -0 . 095 
o . o  
9 . 893  
-0 . 223  
0 . 0  
- 24 . 8 3 1 
- 0 . 095 
0 . 0  0 . 0  
20 . 964 -26 . 484 
-0 . 243  - 0 . 056 
0 . 0  
20 . 54 1  
-0 . 250 
0 . 0  
1 1 .  545 
-0 . 247 
0 . 0  
20 . 572  
-0 . 37 1  
0 . 0  
20 . 1 6'j 
-0 . 3 7 1  
0 . 0  
1 0 . 78 1  
-0 . 422 
0 . 0  
- 26 . 1 97 
- 0 . 075  
0 . 0  
-25 . 3 1 7  
- 0 . 075  
0 . 0  
-25 . 986 
-0 . 009 
0 . 0  
-25 . 685 
-0 . 0 1 2  
0 . 0  
-24 . 727  
-0 . 008 - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
*SH I =  Sm i th-Ha ze l I ndex,  RS I =  Res t r i c ted se l ect i on I ndex a nd DG I =  De s i red ga i n  I ndex . 
AUDALT , AUDS E P  a nd AUDSCL= Area und e r  d i sea se p rog res s  cu rve o f  pe rcent A t te rna r i a  l ea f  b l i g h t ,  
Septo r l a  l ea f  spot a nd Sc l e rot l n l a  w i l t  re spec t i ve l y . Phoma= Phoma b l ac k  s tem d i sea se mea su red 
on a O to 5 sca l e  w i th O a s mos t  res i s ta n t ,  FLWR= Days to f l owe r ,  P l a n t  he i g h t  ( cm ) ,  HD I A= Hea d 
d i a mete r ( cm ) ,  HDWT= Head we i ght  ( gm ) ,  SDWT= 200- seed we i gh t  ( gm ) ,  SDPHD= Seed s pe r hea d ,  0 1  I =  







Index coefficients (b-values) ror diseases and agronomic traits rrom selection (1~ selection 
intensity) among Sl families or II> 761 by using nine selection strategies and three types or 
selection indices. 
Primary t ra I ts 
Phoma AUDSEP AUDSCL HIMT 


















































-174.681 -1.632 -D.776 7.216 -40.509 
-1.513 -164.354 -1.531 -0.784 7.211 -29.340 
-0.008 -13.970 -0.033 0.004 -D.473 0.328 
-1.654 -173.638 -1.603 -0.777 0.0 
0.0 
0.0 
-1.498 -162.297 -1.563 -0.783 
-0.011 -13.939 -0.022 0.004 
-1 .631 -183.976 -1.673 -0.788 0.0 
0.0 
0.0 
- 1. 469 -167.372 -1.624 -0.790 
-0.012 -13.874 -0.017 0.004 
-1.592 -55.264 
-1.573 -158. 714 
-0.012 -13.514 
-1. 722 -165.289 








-1.706 -175.582 0.0 
-1.534 -161.824 0.0 



























































































































































AUOALT, AUDSEP and AUDSCL= Area under disease progress curve or percent Alternaria lear blight, 
Septorla lear spot and Sclerotinla wilt respectively. Phoma= Phoma black stem disease measured 
on a Oto 5 scale with Oas most resistant, FLWR= Days to flower, Plant height (cm), HDIA= Head 
diameter (cm), HDWT= llead weight (gm), SDWT= 200-seed weight (gm). SDPHD= Seeds per head, 01 I= 
Oil content(%). YLD= Yield/ha (kg) and OYLD= Oil yield (kg/ha). 
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